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PREFACE 

A symposium on the subject of radioactive fallout resulting from 
nuclear-weapon detonations was held on March 5# 6# and 7* 1957# Th® 

RAND Corporation, Santa Monica. It was sponsored by RAND and conducted 
under the chairmanship of Dr. Paul C. Tompkins, Scientific Director of 
the U.S. Naval Radiological Defense Laboratory. This paper presents the 
proceedings and significant conclusions of the conference, together with 
the research papers which were submitted for publication. 

The purpose of the symposium was to examine the state-of-art of 
fallout research, and to define the major problems which must be solved 
if fallout phenomena are to be adequately understood. Five major topics 
comprised the agenda. These, with their individual chairmen, are as 
follows: 

I. Cloud Geometry . L. Machta (U.S. Weather Bureau) 

II. Particle Studies ..... J. Magee (Weapons Systems Evaluation 

Group) 

III. Meteorology.. R. R. Rapp (The RAND Corporation) 

IV. Ground Distribution .... 0. Felt (Los Alamos Scientific 

Laboratories) 

V. Accuracy and Scaling , . . S. M. Greenfield (The RAND Corporation) 

The symposium program was designed to be as informal as possible. 

Formal presentations were limited, for the most part, to brief introductory 
talks for each of the discussion sessions. Following these keynote talks, 
open discussion was invited from the floor. Attendees, and their affiliations, 
are listed below. 
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Army Chemical Corps 

Kray, P. 

Atomic Energy Commission 

Lt. Colonel E. Blue Whorf, D. 

Dunning, G. 

Air Weather Service 

Clem, L. 

Geophysical Research Directorate, AFCRC 

Martell, E. 

Naval Weather Service 

van Straten, F. 

Weapons Systems Evaluation Group 

Magee, J. 

Air Force Special Weapons Center 

Captain R. Boyd Lieutenant R. Johnson 

Hq United States Air Force 

Major D. Falk Captain C. Muth 

As the table of contents indicates, the plan of this paper parallels 
that of the symposium itself. A section, Opening Remarks, is followed by 
a section (I - V) for each of the discussion topics. Each of the numbered 
sections contains a brief account of proceedings, and a summary as prepared 
by the session chairman. Written papers which were submitted appear as 
appendices to this report# 
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C0NCLUS10NS-XR—ERIEF 

Although progress is being made in fallout research (e.g., dynamics— 
of-errival measurements and particle studies), our understanding of the 
physical phenomena of fallout is frighteningly poor. Past weapons tests 
have relegated to a miner role the collection and understanding of fallout 
data. Unless proper emphasis is placed on fallout analysis in future tests 
the fallout research program will continue to be severely handicapped. 
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OPENING REMARKS 

The symposium was opened by E. J. Barlow, Chief of RAND*s Engineering 
Division, who welcomed the attendees and expressed hope that the conference 
would advance our knowledge of both the phenomena of fallout and its im¬ 
plications for military operations. He then relinquished the floor to 
Symposium Chairman P. C. Tompkins of USNRDL. 

In hie broad introduction to the symposium, Tompkins began by stress- 
ing the "working-group" nature of this meeting as contrasted with the more 
formal type in which a detailed agenda is prepared in advance. Then he 
posed the questioni What are the kinds of things to look for as the out¬ 
come of a meeting of this type? He noted that the symposium might be oriented 
toward scroe specific purpose, such as the gathering of personnel-safety data 
for use in nuclear tests (How far away do you have to be? How soon can you 
enter the area? What kind of shelters will be needed?). Or, it might be 
oriented toward planning fallout countermeasures systems, which would re¬ 
quire data on rate of formation, spread-versus-time, time-to-peak, etc. 

These and other specific "purposes" are all very important, Tompkins stated, 
but even more so is a broad state-of-the-art approach to the fallout problem. 

It is this last approach that should govern the present symposium. 

To understand and adequately describe the fallout phenomenon, one 
should start with Time Zero, or the time of birth of the atomic cloud, and 
then follow through all the dynamics of the fallout process to termination. 
Thus, the entire spectrum of events should be considered. 

Tompkins then proposed three ground rules for the symposium; (1) Be ^ 

liberal in stating indications and trends that our discussions lead us to 
believe are reasonable; (2) Be conservative in drawing affirmative conclusions. 
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There has been too much of the business of going out on a limb to make 
sweeping generalizations about phenomenology, the nature of which we really 
do not understand; and (3) Aim for a clear statement of the important ques¬ 
tions that must be answered during the course of the next few years. We 
might consider the symposium a singular success if out of it comes such a 
statement, together with suggestions on the most promising lines of attack 
for resolving the questions. 

Tompkins then proposed the following questions as important enough 
to warrant immediate consideration: (1) Can we determine the material 
balance in the atmosphere affected by the fallout? (2) Can we predict 
fractionation satisfactorily? (3) Can we predict the complete history of 
the event? and (A) Is it desirable that the conference agree chi a set of 
conventions for expressing data in fallout investigations? 
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I. CLOUD GEOMETRY 


A. PROCEEDINGS 

Session Chairman L. Machta (USWB) commented on some of the work now 
being done on cloud geometry and then introduced W. Kellogg of RAND. 

Kellogg presented a prepared talk in which he attempted briefly to define 
some of the major questions confronting workers in this field. The essen¬ 
tial content of his talk and of the discussion which followed appears in 
Section l(B). 

After Kellogg 1 s talk, Tompkins stated that perhaps in the past we have 
not been radical enough in the kinds of questions to which we have addressed 
ourselves. For example, we should consider the role of radio astronomy in 
obtaining information on atomic clouds. Perhaps such a technique would 
enable us to develop a means for picturing the maximum concentration of the 
origin of nuclear activity in nuclear bursts, as opposed to picturing ac¬ 
tivity occurring at later times. 

By way of recapitulating the moming , s discussion, Machta and Tompkins 
pointed up some of the things we need to know about atomic clouds in order 
to evaluate fallout intelligently, but about which we are still uncertain. 
For example, what is the actual shape of the cloud at different times? Is 
it spheroid, or pancake in shape? How does the shape change with time, if 
it does in any significant way? What is the spatial distribution of radio¬ 
activity in the cloud? Can we describe the radioactivity distribution as 
a function of yield, bomb type, height of burst, time of day, or meteoro¬ 
logical conditions such as the troposphere height and the wind variation? 
Can we describe the activity of the cloud, and perhaps the fallout, as a 
function of ground-sero location, or of the type of ground cover, or the 
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ground environment aa defined in other waya? And finally, how can we 
collect the data that will give ua the information we need? 
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Part 1. 

1.1 The parameters of a stabilized nuclear cloud, such as heights and 
widths, used in predicting fallout are still being derived, more or less, 
from the visible or optical cloud dimensions. These predicted visible cloud 
dimensions are based almost exclusively on interpolation or extrapolation 

of similar data from previous atomic detonations. While it is fairly cer¬ 
tain that the cloud geometry is dependent on (a) the yield and type of 
burst, (b) the height of burst, and (c) meteorological conditions, usually 
the amount of rise and other cloud parameters are chosen from the yield 
alone. Particularly disturbing is the inability to show a significant in¬ 
fluence of meteorological conditions on the cloud dimensions. 

The two test series in recent years from which more cloud geometry 
might be expected were Teapot and Redwing. The entry of cloud geometry 
data to a plot of cloud dimensions vs yield shows about the same scatter 
around a best fit line as existed for previous nuclear clouds. It was 
hoped that the scatter* about the best fit line of cloud dimensions vs 
yield was due to errors of observation. The failure of the Teapot points, 
which were unusually reliable, to fit the curve better than previous points 
was therefore disappointing. 

1.2 A major advance achieved during Redwing has been obtained by 
rocket and aircraft probing of megaton-yield clouds. This information is 
given in greater detail in Part 2 below. The essence of the findings, 


■“For the amount of rise, the average departure from the best fit line 
is about 5 per cent of the total rise. 
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preliminary at present, ie that a horizontal probe through the lower part 
of the mushroom cloud shows two peaks in radioactivity. This is the pic¬ 
ture to be expected if the radioactivity is mainly contained in the toroidal 
ring. Second, evidence suggests that the greater radioactivity is in the 
lower part of the mushroom. The decrease with altitude through the mush¬ 
room appears to be faster than expected from a theory of uniform mass con¬ 
centration resulting from mixing. Finally, radiation in the stem appears 
to be very significantly lower than in the mushroom. 

The failure to simultaneously obtain good visible pictures of the 
Redwing clouds which were probed by rockets has prevented the comparison 
of the visible and radioactive clouds. The few reported aircraft penetra¬ 
tions of nuclear clouds have suggested that there is measurable radioac¬ 
tivity wherever the visible cloud is penetrated. However, the profile 
through the cloud shows relatively low values near the edge of the visible 
cloud. On the other hand, indirect evidence was also presented (by Dr. 

A. V. Shelton and others) to the effect that the radiological cloud was 
appreciably smaller than the visible cloud, as intuition would suggest. 

It seems fairly certain that the bulk of the radiological cloud, at least 
in the mushroom, is significantly smaller than the visible cloud. 

Another promising means of obtaining information on cloud geometry 
has been demonstrated by Dr. D. Swingle. It consists of radar pictures of 
the developing atomic cloud. Techniques and obvious limitations are de¬ 
scribed in Part 3. 


* 

Further, as noted in Part 2 below the measurements do not distinguish 
between fallout and non-fallout particles. 

♦"This is supported by information from fallout data from both Nevada 
and Redwing tests. 





COPIED/DOL 

LANL RC 




REST 


DATA 


S-62 

3-7-57 

7 


Another possible technique for obtaining the width of nuclear clouds 
is derived from the observed ground fallout pattern. If the locus of points 
of fallout from a certain height in the nuclear cloud can be found, which 
represents the edge of the fallout (radex) plot, then the width of the 
fallout pattern beyond this line describes the cloud radius at the given 
height (plus the effects of lateral diffusion). This kind of information 
has already been used to rule out the possibility of unusually large radii 
as suggested by certain visible cloud diameters, at least as far as fastr- 
falling particles are concerned. 

1.3 It is agreed that a coherent theory to predict, among other 
things, the cloud dimensions from the nature of the explosion and its en¬ 
vironment would ^be highly desirable. It may be stated, however, that lit¬ 
tle or no success, has been achieved beyond the early and very simple com¬ 
putations of Kellogg. ’Kellogg*s information refers to the amount of rise 

i 

of cloud and is incorporated in his picture of cloud rise vs yield. 

There is a growing feeling, derived in part from more observations, 
that the toroidal ring plays an important role in the evolution of the 


nuclear cloud. It is suggested that a theoretical attack along these lines 
might hold some promise. 

There has been little or no progress in recent years to improve upon 
the empirical formulae to predict could dimensions. These formulae have 
shown only slight value and efforts are now in progress to find either new 
controlling elements or better relationships. 

1.4 The role which the device or the immediate surroundings plays in 
the cloud evolution appears to be uncertain. Evidence of unusual cloud 
development with "peculiar" devices was questioned because of the small 
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mass of the device. Further, there appears to be no significant difference 
in cloud rise between ground, tower and air bursts. Nevertheless, the 
failure of certain nuclear clouds to behave "nonnally" when meteorological 
conditions are ’’normal," suggests that as-yet-unknown factors pertaining 
to the weapon or its immediate surroundings may be important. 

1.5 Certain promising avenues of research to improve the description 
and understanding of nuclear cloud geometry are suggested: 

(1) Augmentation of the cloud probing by aircraft and rockets 
to include particulate sampling. Balloons and parachutes might be insti¬ 
tuted as sampling platforms. Further, documentation of the visible as well 
as the radiological cloud should be part of such a program. 

(2) The use of radar in conjunction with optical photography 
should be pursued. 

(3) The possibility of scaling from smaller explosions and of 
obtaining suggestions from naturally rising air masses, such as in thunder¬ 
storms, should not be overlooked. 
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2.1 In Project 2.66 of Operation Redwing (reported in ITR 1320), Col. 
Penson and his colleagues penetrated the clouds of several shots with 
manned aircraft, both through the base of the mushrooms and through the 
stem at times from H + 20 minutes to something greater than H ♦ 1 hour. 
Measurements were made of the extent of the visible cloud and compared 


with measurements of the radiological cloud. The conclusions were; 

(1) There was no significant difference observed between the 
visible and radiological cloud edges. However, the bulk of the radioac¬ 
tivity falls within a radius appreciably smaller than the radius of the 
visible cloud. 


(2) The measured dose rates at the lower altitudes or in the stem 
(30,000 to 40,000 ft) were considerably lower than at higher altitudes in 

or near the mushroom (40,000 ft — 50,000 ft). On an average the difference 
wa3 a factor of from five to ten. 

(3) A typical plot of activity as a function of time on horizontal 
flights through the mushroom indicates a weak bioodal distribution. 

2.2 As a result of the work done by R. D. Soule, Project 2.6l, 

Operation Redwing, ITR 1315, AO rockets carrying transducers telemetered 
gamma dose-rate as a function of position for four detonations. Salvos 
were fired at H + 7 minutes and H ♦ 15 minutes. Certain limitations can 
be put on the data at this time because of a questionable time base which 
is being resolved. 

The following conclusions are suggested: 

(1) There is evidence of a bimodal distribution of activity in 
the mushroom along a horizontal line. 
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(2) There is less positive evidence of a concentration of 
activity in the base of the mushroom. 

(3) If photographic data are available on the dimensions of the 
optical cloud, it will be possible to compare the relation of optical to 
radiological clouds. 

(4) One salvo of rockets was fired in a horisontal fan through 
the upper middle stem of a Redwing cloud. The results indicated that there 
is activity in the stem. 

2.3 Measurements of activity profiles in the steins and mushrooms can¬ 
not be taken as a model parameter to define the activity that is contributing 
to the fallout pattern. We must, but are so far unable to, differentiate 
between total fission product activity and that portion of the activity 
which contributes to the fallout. Therefore, particle sixe distributions 
in the various parts of the cloud at early times should be measured. 
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Part 3* 

3.1 During Redwing, Dr. Donald Swingle, of the SCEL, was able to 
obtain some radar pictures showing the atomic cloud in various stages of 
its development and decay. The following are the salient features of 
these observations (as reconstructed from a talk with Dr. Swingle in 
October, 1956): 

3*1.1 A CPS-9 radar on Eniwetok observed the Apache cloud, which 
rose to a maximum altitude of about 84,000 ft, then sank back in the five 
or ten minutes following stabilization to about 70,000 ft. These were pre¬ 
sented on a range-height scope. The picture showed the stem and mushroom 
of the cloud, but with some attenuation of the back side of the mushroom. 
There was a veil, or curtain, hanging down from the forward edge of the 
mushroom, and a similar veil, though much fainter, on the back side. A 
faint diffuse image of the cloud was still visible on the scope at about 3 
hrs, but it had sunk to 25,000 ft and drifted away. 

3.1.2 Similar pictures for the Huron shot, on the Eniwetok CPS—9« 
On this occasion the cloud again persisted for two to four hours, but was 
more compact. 

3.1.3 On Tewa shot the Estes’ radar observed the top at about 
100,000 ft, sinking back rapidly to 80,000 ft. There was some question, 
however, about the calibration of this radar set. 

3.1.4 The Tewa shot, though set off on Bikini, was observed by 
the CPS-9 on Eniwetok. It was observed to rise, and observers were able to 
see the faint persistent portion drifting toward Eniwetok for an hour or 
more. 

3.1.5 Following the Tewa shot, later in the day, there appeared 
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some curious vertical echoes on the r — h scope, which started at a high 
altitude and extended upward to 70,000 or 80,000 ft (far above the tropo- 
pause). They suggested in appearance the vertical precipitation cores 
observed in cumulus showers, but it would seem impossible to explain them 
in terms of precipitation at such a great altitude* 

3*2 It was agreed in the meeting that these radar observations were 
of great potential value in studying the atomic cloud. However, it is 
premature to base any definite conclusions on them, since there is con¬ 
siderable uncertainty concerning what it is that accounts for the back- 
scatter in the various parts. The Signal Corps is planning further and 
better documented radar cloud observations at Plumbob. 
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II. PARTICLE STUDIES 


A. PROCEEDINGS 

In his introduction Session Chairman J. Magee (WSEG) stated that 
WSEG»s primary interest in fallout is its operational implications. But to 
understand these implications, he went on, it is essential first to study 
the basic physical and chemical phenomena of the process, the goal of which 
is a reasonable model for fallout calculations and prediction. Magee then 
introduced P. LaRiviere of USNRDL. (See Section II(B) and Appendix A for 
a summary of LaRiviere 1 s remarks.) 

After LaRiviere*s talk, Magee expressed again his conviction that a 
model should be constructed showing the four stages of a surface burst and 
the activity that exists in each. The stages are (l) the burst itself 
and the development of the shock wave; (2) the beginning of toroidal circu¬ 
lation; (3) the mature toroidal circulation and the beginning of the mush¬ 
room; and U) the high-altitude mushroom. A useful cloud model would fit 
particle information into this four-stage progression. At this point, 

P. Krey, U.S. Army Chemical Corps, offered some comments on particle size 
distribution (see Appendix B). 

In the discussion following Krey*s talk, Kellogg noted that some 
evidence exists which shows that in a low air burst, in which the fireball 
does not touch the ground, 3oil particles do not mix with the hot radio¬ 
active portions of the early cloud. Magee, pointing out that this may or 
may not be sensitive to the yield of the device, defined the primary ques¬ 
tion under discussion as that of how the particles are formed and how and 
when they became radioactive. 
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Krey postulated that as porous particles,such as those composed of 
coral, are heated, condensed radioactive liquid diffuses through their 
volume. Kellogg asked the question, if the column does not mix with the 
toroid in its hot early stages, how can particles in the column become 
radioactive? This topic was concluded with a statement from the floor 
that it is highly artificial to assume that particles exist only in the 
three types mentioned in LaRiviere’s paper. Actually, we must recognize 
that there is a whole spectrum of particle shapes and sizes. 

A. Anderson of USNRDL then presented sane data on predicting fallout 
size distribution in a cloud. He demonstrated a mathematical model of 
size distribution, one assumption of which is that there are two forces 
acting on a particle. One force is that which carries the particle upward; 
the other is gravity, causing the particle to fall within the cloud. He 
noted that in the Jangle land-surface shot, which had a yield of 1.2 KT, all 
the radioactive particles were glassy, fused, and about 96 % of them were 
irregular. His model is intended to apply to five seconds after burst, ahd 
he presented a number of plots showing size distribution with altitude and 
with time, of particles of specified sizes. His paper will soon be pub¬ 
lished by USNRDL. (See Appendix C for a preliminary draft of this paper.) 

W. Hendricks of USNRDL was the next speaker. His paper, on the empirical 
determination of fallout cloud model parameters, is presented as Appendix D. 

Hendricks* talk generated discussion on the possibility of using ac¬ 
tivity versus fall-rate to forecast fallout, bypassing particle-characteristics 
information such as size, shape, weight, etc.; that is, can we eliminate the 
problems of determining these various characteristics? Opinion appeared to 
be that this can be done as a purely temporary measure, but that to know 
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anything, really, about fallout, we must know in detail what happens to 
the particles involved. 

At this point Tompkins stated that his group, which is currently work¬ 
ing on fallout countermeasures, requires specific knowledge of particle 
characteristics. Thus, particle aixe and shape would bear a definite rela¬ 
tionship to such problems as that of decontaminating a ship by washing it 
down, or of similar problems of decontamination involving buildings, air¬ 
fields, and the like. 

S. Greenfield then interposed an objection to the implied assumption 
in the foregoing discussion that the major, or a major, objective of this 
session was to develop a cloud model useful for forecasting fallout. He 
stated that we are interested as well in a mechanism to explain fallout, 
and in the operational implications of the phenomenon. He emphasised that 
the purpose of the symposium, however, is not restricted to any one of these 
subordinate goals; rather, it is to discover what is known about the pro¬ 
cess, determine how to find out what is not known, and perhaps to agree upon 
some of the constants, or input data, that might be used in future calcu¬ 
lations. 

Magee then commented that it is important to know whether there is in 
fact a distribution of activity with particle size and fall rate, and if so, 
of what this distribution is a function. Additionally, it is Important to 
know what fraction of the radioactive material comes out as local fallout 
and what fraction remains in the atmosphere and stratosphere to come down 
at later times. 

From the floor came the question of fallout predictions for tests versus 
those for an actual D-day. It we know so little about fallout, given the 

' 9 ' 
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controlled conditions of peacetime testing, how much more difficult is the 
problem for a situation in which nothing is known, in advance, of the yield, 
the location of the burst(s), the meteorology, etc. Yet people such as 
those in Civil Defense appear to expect technical workers in fallout to pro¬ 
duce "magic" numbers useful for prediction and planning by defense authorities. 

It was agreed that one of the outputs of this symposium should be a 
statement stressing the invalidity for an actual wartime situation of any 
prediction made with the present state-of-art. Perhaps predictions should 
carry the label: Not to be Used for Operational Decisions. 

Tompkins concluded this session by posing as a primary question: 

What fraction of fallout in a given shot will come down in significant quan¬ 
tities, and in what are&3? In other words, how does one arrive at the ma¬ 
terial balance of an event? Also, how significant is the build-up of long- 
lived stratospheric or atmospheric radioactive materials? When and where 
will this material ultimately come down? Tompkins then raised other ques¬ 
tions relating to the mechanism of fallout; e.g., does the particle size 
change by evaporation? Can one use the same parameters for water as for 
ground shots, given the present state of knowledge? 
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B. SESSION SUMMARY (J. Magee) 

The material presented and discussed in this session can be summarized 
under two headings: (1) fallout particle studies, and (2) dynamics of 
particle transport. 

A broad area of agreement was found in experimental results on fall¬ 
out particles from shots of Operation Redwing. Results from NRDL and CWL 
were compared with respect to particle size, shape, chemical composition, 
and distribution of fission product activity, and were found to be in satis¬ 
factory agreement. A summary of available results is presented in Appendices 
A, B, and C. 

Although details of particle formation and contamination are not 
understood, it is now generally agreed that most of the particles which 
carry activity have not been heated in excess of 800°C, as evidenced by 
their angular appearance (Appendix A). Since the mass of debris carried 
into the clouds of land-surface bursts is so large compared to that of the 
radioactive material, it would seem reasonable that the particles from the 
ground should form nuclei for collection of the fission products. Both 
the U.S. Army Chemical Warfare Lab. (Appendix B) and the U.S. Naval 
Radiological Defense Lab. presented evidence for a surface disposition of 
activity on fallout particles, which supports this point of view. 

USNRDL presented data showing that the number of fissions per gram 
of fallout debris from Zuni was sensibly constant at several widely 
separated points in the fallout field. Tewa was not uniform, and consi¬ 
derable scatter was present in the Flathead and Navajo results, with no 
particular trend evident. The sample weights from the latter two events 
were very small, however, undoubtedly contributing to the uncertainty. 
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LaRiviere (NRDL) recommends the plotting of fallout activity in 
terms of fraction of device per unit area, as a more reliable measure of 
the total deposit than the hypothetical intensity at one hour after burst, 
thereby el imin ating present uncertainties introduced by theoretical decay 
curves back to this time. 

Studies of the dynamics of particle transport were presented by 
Anderson and Hendricks of NRDL. These studies were motivated by a dis¬ 
satisfaction with the simple cloud models presently in use for the trans¬ 
port of fallout particles, and both were aimed at getting a better des¬ 
cription of the cloud at early times. Anderson (Appendix C) considered 
the effect of fall of the particles during cloud rise. Hendricks (Appendix 
D) considered the problem of re-constructing a cloud (as it existed) at 
early times from the fallout field it created, with knowledge of the me¬ 
teorological conditions. 
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A. PROCEEDINGS 

R. R. Rapp, Chairman of this session, introduced as first speaker 
E. Schuerte of USNRDL. Schuerte*s topic was space-time wind variation. 

He opened his talk by stating that his efforts were directed toward defin¬ 
ing the perimeter of a given fallout pattern and its "hot" line, or radi¬ 
ological axis. The contents of his paper appear in Appendix E. 

At the conclusion of Schuerte*s talk, Rapp expressed agreement on the 
rmcessity of taking into account time and space variations, basing his re¬ 
marks on experience with Castle Bravo. He explained that the inclusion of 
time variations for this event resulted in a shift of the hot line between 
Bikini and Rongelap, which gave good agreement with the Bikini-measured 
results. 

From the floor came the comment that it is one thing to take wind 
variations into account for tests, but that their value would be very 
doubtful for an actual D-day situation. In other words, the validity of 
a fallout forecast for operational purposes is poor. As an alternative, 
the suggestion was made that the use of present-day standard six-hour wind 
variations might be more practical. Rapp responded that, since our goal 
is a better understanding of the whole process of fallout and its pre¬ 
diction, space-time variation must certainly be considered. 

The next speaker was J. Reed of Sandia. In the context of space—time 
corrections, he spoke about a forecasting-capability scale he had used. 

He considered particle trajectories and methods for reducing errors, and 
he proposed an objective method for deciding whether or not it was safe to 
go ahead with a test shot. For a report of his work, see Wind and Position 
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Variability from Project Ramjet Data . J. Reed, Sandia Corporation Technical 
Memorandum. 

The floor brought up the fact that constant-level balloons were very 
acceptable for measuring wind variation, since they remain at a particular 
altitude level in much the same way and for the same amount of time as a 
particle. 

P. Allen from the U.S. Weather Bureau commented on the matter of 
wind variability at different altitudes and the use of balloons to gather 
data. His remarks are summarised in Appendix F. 

A. Anderson (USNRDL) then spoke on some new upper wind measurement 
techniques he had been working on. His paper is summarised in Appendix G. 

Rapp stmmarised the session by stating that meteorology presents a 
host of unsolved problems which we are currently trying to learn to live 
with. The situation appears gradually to be improving, and it is possible 
to foresee techniques in the future which will reduce the error and un¬ 
certainty that characterises present work. 
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B. SESSION SUMMARY (R. R. Rapp) 

The meeting concurred on the necessity of taking space and time 

variations of the wind into account when a comparison of observed and 
computed fallout is undertaken* E* Schuerte of NRDL (Appendix E) presented 
the results of his analyses of the Redwing events to the group. His find¬ 
ings served to confirm the findings of the Weather Bureau Group on Nevada 
shots and the RAND studies of Castle Bravo* 

Schuerte also presented the results of an attempt to incorporate 
vertical air motions in defining the fallout. His results were incon¬ 
clusive * It was generally agreed that, theoretically, the vertical air mo¬ 
tions should produce variations in the fallout pattern, but that our know¬ 
ledge of such motions, at this time, is insufficient to demonstrate the 
effect. 

J. Reed of Sandia Corporation presented the results of some work done 
by him and by the U.S. Weather Bureau on estimating the expected error of 
the axis of pattern. It was quite evident from results shown that, as in 
most meteorological problems, great effort must be put into the forecasts 
in order to gain just a few per cent of accuracy. It is felt that such 
error analyses are extremely important for test operations, because they 
provide the Test Director with a measure of the risk which must be taken 
when a device is to be fired. 

In connection with the error estimates which Reed explained, F. Van 
Straten pointed out the probable usefulness of constant level balloons. 


* 

Reed, Jack; Sandia Corporation,'"On the Estimation of Fallout Safety 
Probabilities for the Nevada Test Site." 

Weather Bureau report, "Distribution of Forecast Error." 
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Such balloons provide trajectory measures at a given altitude. If & 
aeries of balloons could be coordinated with test firings, trajectories 
could be measured. This would go far in reducing the subjective analysis 
error which the Weather Bureau report shows to be a large fraction of the 
total error. Anderson pointed out two experimental methods of measuring 
wind which may be useful in this connection (Appendix G). P. Allen re¬ 
ported on some experimental forecasting procedures which show promise of 
improvement. The method is one which essentially predicts the mean wind 
in a thick layer (Appendix P). 

Although it was obvious from the discussion that the meteorological 
problems in fallout forecasting are many, difficult, and in some instances 
incapable of complete solution, several optimistic trends were pointed out. 
First, serious efforts are being made to determine the distributions of 
expected errors, and these efforts are beginning to bear fruit. Second, 
a more precise definition of what needs to be forecast and the terms in 
which such a forecast should be presented is emerging. And last, forecast 
and measurement techniques which will improve the desired forecasts are 
being developed. 
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IV, GROUND DISTRIBUTION 
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A, PROCEEDINGS 

Chairman Galen Felt (LASL) opened the session by asking the question, 
what precision can be attached to our observations of fallout deposition 
(dose rates, contours, etc.)? Further, how can these observations be 
used for calculating material or activity balances; i.e., what portion 
of the active material comes down, and where does it come down? It is 
important to know this both for the planning and conduct of tests and for 
estimating the long-range biological effects of nuclear explosions. 

Felt then introduced T. Triffett (USNRDL), who spoke on the sources 
of error in the measurements we make, emphasising, however, that we must 
depend upon such measurements since they are all we have. Triffett 1 8 
papier is presented here as Appendix H. 

At the conclusion of this talk, LaRiviere commented on the time- 
dependent parameters he calculated for Redwing (see Appendix J). He noted 
a rather peculiar relationship between the time of arrival and the time 
of peak activity, in which the time-to-peak appeared to equal twice the 
time of arrival. He could offer no explanation for this, and presented 
it merely to see if anyone else could. The response was negative, and 
Felt introduced L. Werner of USNRDL, after noting that errors in the 
measurement field seem to be running neck and neck with those in meteor¬ 
ology. 

Werner 1 8 topic was the per cent of radioactive debris removed by 
fallout. To his own question, why is it necessary to determine the frac¬ 
tion of device contributing to fallout, he gave three answers: to check 
on fallout contours, to establish parameters, and to estimate the 
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contribution of fractionation to long-range fallout. His paper appears 
as Appendix K. 

C. Hiller (USNRDL), whose paper is summarised in Appendix L, stated 
that his primary interest was in evaluating countermeasures systems and 
reclamation procedures. He stressed that we need to know the dose-time 
curve for all situations, since it is an essential factor in estimating 
the duration of operational and final recovery phases after a nuclear 
attack. 

Finally, K. Street (UCRL) presented sane data on gas sampling at 
Redwing (actually a single shot) which tended to support the contention 
that 80 % or more of the activity fell out locally. His comments and data 
are presented in Appendix N. 
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B. SESSION SUMMARY (Galen Felt) 

1. Five papers were presented by members of the NRDL delegation. The 
f ull text of Triffett’s paper on surface fallout measurements appears in 
Appendix H. Short resumes of the talks of LaRiviere, Werner, Hiller and 
Baum are presented in Appendices J, K, L, and M. 

2. A very great deal of discussion was stimulated by Werner’s paper 
on the fraction of the device contained in local fallout (Appendix K). By 
Thursday afternoon, when the symposium could return to the subject, the 
following conclusions were reached: 

a. All experimental evidence obtained by surface measurements 
(land and water) of fallout from PPG surface bursts and in¬ 
terpreted by NRDL leads to the conclusion that less than half 
of the activity is deposited in local fallout. 

b. RAND interpretation (Tucker) of the same data leads to the 
conclusion that 80-90 per cent of the total device activity 
is deposited in local fallout. The RAND analysis is based on 
a different calibration, and the differences between RAND and 
NRDL can presumably be settled by further discussion. 

c. Street (UCRL) presented data obtained by him in connection with 
his gas sampling project which led him to conclude that about 
80-90 per cent of the device activity settles out locally from 
land-based shots. His estimate from a single sample (Redwing 
Huron) is that perhaps half of the device activity comes down 
locally from a water-based shot (Appendix N). 

d. The experiments from which these results are drawn were not 

designed to answer the question of activity balance. <—y 
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e# Definitive conclusions on the question of the fraction of the 


device which settles out locally as a function of weapon charac¬ 
teristics and firing conditions cannot be drawn except in the 


most obvious cases. 
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V. ACCURACY AND SCALING 
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A, PROCEEDINGS 

Chairman for this session was S. Greenfield (RAND), who began by 
stating that growth comparisons are very useful for tests or for operational 
planning, and for telling us how well our models describe fallout. If we 
were able, ideally, to define all the parameters and the interactions 
among them, and then define the uncertainties, we would be well along 
the road to understanding the fallout process. In fact, however, we 
don’t know an the parameters, the inaccuracies, and the interactions, so 
that what we have to rely on is, essentially, a pictorial design of the 
phenomenon. The question that should be asked, therefore, is: how well 
fire we doing in describing the fallout pattern; i.e., how accurate are 
our predictions and evaluations? 

V. Shelton (UCRL) then presented his paper (Appendix P) on the ac¬ 
curacy of fallout predictions his group had made and on the source of the 
model that was used. In the course of his talk Shelton pointed up the 
curious fact that, with an aluminum tower, fallout is increased two or 
three times over that obtained with a steel tower. B. Tucker (RAND) sug¬ 
gested that aluminum contains "more atoms per pound" than steel, which 
may account for the difference. 

In the discussion following Shelton’s paper it was brought out that 
the model he described yielded an accuracy that was less than a factor of 
2. This generated some remarks on the relationship between accuracy and 
"precision," the substance of which was as follows: Accuracy of the 
overall measurement can’t be any better than the accuracy of the best 
(most precise) instrument. When we talk about precision, we refer to the 
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error (or its absence) in the measurement as a whole, taken by all the 
instruments used. It seems reasonable that the accuracy of the overall 
measurement can*t be better than the precision of the poorest instrument. 
In computing the results of a prediction, then, the forecast inaccuracies 
would be compounded by those of the post-shot measurements. 

Greenfield spoke on the desirability of knowing the gross accuracy 
of the model used, exclusive of meteorological influences. In other words, 
given the present state-of-art in meteorology, it might be useful to 


test models under the assumption that perfect weather will obtain for the 
shot. He then discussed the Castle Bravo shots and the RAND models that 
were used. Rapp pointed out that RAND was actually trying to include 
more parameters in its model, complicating rather than simplifying it, 

in the hope of ultimately achieving a better fit for a greater number of 
tests. 

Greenfield discussed two different ways of comparing an observed 
pattern with a calculated one: we can make a point-by-point comparison; 
or we can take a subjective view of the whole shape, then shift the pat¬ 
tern so that it agrees with the observed pattern, and then compare the 
point8. 

Anderson commented that, since a test shot has never been set up 
specifically for the purpose of obtaining fallout data, the symposium 
should recommend that this be done for a single Nevada shot. The results 
of such an arrangement could be used for evaluating our models. Fran the 
floor came the comment that AEC would not biy such a proposal. 

Tompkins then declared that tests have always been set up for the 
purpose of testing weapons development, and that if we were to propose a 
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teet to measure the critical determinants of fallout phenomena, we would 
hare to decide first Just what kind of a test would be needed; i.e., we 
would have to agree on a sensible, concrete proposal before the AEC would 
buy it• 

C. Ksanda (USNRDL) presented the last scheduled paper. He talked 
about scaling, which is essentially a field approach to the fallout 
problem, using variation in yield as an essential parameter and having 
no recourse to models or machines. Ksanda stated that not much was new 
in this field. The method in use is to take a Nevada test, for example, 
as a small-scale model of what would happen in a large-scale event. Ksanda 
cited seven assumptions used by his group, having to do with height of 
burst, yield, activity per unit volume, distribution of activity, winds, 
proportionality between activity and yield, etc. The end point of the 
calculations that are made is a dose rate which is proportional to yield. 
For further discussion of this subject, see Section V(B). 

This session was concluded with a presentation by K. Nagler (U.S. 
Weather Bureau) of some recently compiled data on the total fraction of 
fallout from Nevada shots. These data are contained in Appendix Q. 
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B. SESSION SUMMARY (S. M. Greenfield) 
Accuracy 


The introductory paper for this session was given by V. Shelton of 
UCR1 (Appendix P). In this paper he discussed fallout forecasting 
'experiences at Nevada Tests. Fallout patterns generated in Nevada are 
somewhat unique in that the majority of the patterns appear as forecast, 
and any meteorological uncertainty is evidenced by an angular shift of 
the entire pattern. If no uncertainty exists in yield, height of burst, 
and meteorology, then the model presently used is apparently capable of 
predicting what will be observed to something better than a factor of ± 2 . 
Such a confirmation of the model*s ability is thought to be obtained when 
50 per cent of the observations are matched by calculation to within this 
factor of 2. It should also be noted that the area of confirmation for 
this model lies within 20 - 100 miles of ground eero. 

In the case where an uncertainty exists in the yield but the winds 
are well known, it is felt that the factor within which good confirmation 
is assumed to lie is increased from t 2 to t 3 - 4 * 

Due to the uncertainties that exist in the model and the observa¬ 
tions, it is felt that for test operations the meteorology determines 
the accuracy. That is to say, if the winds are not varying in an un¬ 
known way, then the model is sufficiently accurate for test purposes, with¬ 
in the angular error provided by the known uncertainties in the wind move¬ 
ments and forecasts. If the winds are varying in an unknown or unsus¬ 
pected manner, then the forecast pattern will be wrong under any circum- 
stance,, 
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What can he concluded from this session is the fact that Vhat is 
described as "accuracy" is a function of vhat one is pi arming to use the 
fallout computation far. In the case of test operations, accuracy implies 
matching the Majority of observations within the known error of Measurement, 
and/or having the pattern lie within a sector determined by the wind plus 
the known uncertainties in the wind. In the case of studying the phenomenon 
itself this is certainly not good enough. What is called far in this case, 
is a generally acceptable "standard" pattern against which a model ca n 
be tested utilizing something like a chi-squared test to establish a given 
level of significance. HAND is presently attesting to establish such 
a "standard" pattern. 


In the session on scaling, Charles Ksanda of NHDL aided by 
Mrs. Ruth Schnider, described NRDL's attesrpt to get analytical expressions 
for the various parameters, such as (l) weapon (fission) yield, (2) 
position of burst relative to the surface, (3) surface media (earth, water, 
etc.), (4) meteorological conditions, etc. (Ref. 034-23-200). It appeared 
that all scaling methods for fallout patterns so far devised work quite 
well. The reason far this apparent agreement in scaling, however, lies 
in the fact that there 1s an estimated uncertainty in the area within a 
given Measured contour of a factor of 10 . This uncertainty is produced 
by such factors as measurement errors, subjectivity in drawing contours 

* « 

Cco?>ari8on of Methods Used In Scaling Residual Contamination Patterns 
Resulting free Surface Detonations of Nuclear Weapons" by Roger E. Boyd, 

Capt. USAF, Don Baker, 2nd Lt. USAF. 2 April 1956 AFSWC-TN- 56 -I, 

Air Force Special Weapon Center, Kirtlaad AFB. 
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froR a relatively few points, etc. It is apparent that with such a 
large uncertainty it is possible to fit any scaling law to the existing 
data. Although no discussion followed these talks, Ken Nagler of the 
U.S. Weather Bureau presented scxae recently compiled data which s unaar lsed 
the estimates that have been made in the past of the total fraction of 
the activity that fell out of various shots in Nevada (Appendix Q). 

Aware of the uncertainties that exist in such estimates, The Weather 
Bureau has made an attempt to provide a minimum, a maximum, and a most 
probable fraction down for these same shots. 
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CONCLUSIONS 


The following comments represent the major point a expressed by Symposium 
Chairman P. C. Tompkins (USNHDL) in his summation of the results of the 
symposium and the current state of knowledge of fallout phenomenology: 

o The symposium produced more new ideas than quantitative answers, 
although we might have been able to arrive at some numbers if advance re¬ 
search reports were available along with sufficient time to analyse them. 

o Measuring the total fraction of the activity that actually falls 
out locally continues to be troublesome. We are still integrating ground 
observations of intensity in an attempt to make this measurement. We all 
realise that these intensity observations are Just too uncertain to give 
any reasonable accuracy. 

o Measuring the dynamics of the arrival, i.e., the time of start and 
stop of fallout, the rate of building of intensity, the size distribution, 
etc., which have gained more interest lately, is perhaps more fruitful than 
measuring the fraction down, since it gives a better insight into the phe- 
nomena of fallout* 

o Particle studies, of the kind done by LaRiviere and others of NRDL, 
are also very useful, and these observations must be fitted into any pre¬ 
diction model. 

o The scaling of parameters is seen to be of rather questionable 
accuracy—viz. Ksanda’s (HRDL) review of the question. A prediction method 
should take into account the lack of accuracy of the detailed models used. 
Perhaps we should go to a much simpler method of presenting such predictions. 

o The basic mechanism of the early fireball phenomena must be under¬ 
stood better. If such an understanding can be achieved, then we can visualise 
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a model that starts with height of burst, type of device, environment, etc., 
and achieves particle size-activity and activity-space distributions that 
are not subject to question. We would then be able to reconcile the difference 
between the various present models—or make a more rational one. 


o What is still missing in this field is a clear-cut, unquestionable 
conversion factor for converting KT of fission energy per square mile to 
megacuries per square mile to roentgens per hour. This factor is absolutely 
necessary in interpreting the fallout data, and unifying the experimental 
technique. 


o There are some hints in the experimental area which indicate that 
small fractions remain aloft (Street, UCRL); it is too bad that these can¬ 
not be reconciled with the analysis of the ground fallout (NRDL). 

o The question of mushroom-vs-stem requires further analysis, and 
this can be done both by studying the dynamics of the rising cloud and by 

a better analysis of the observed fallout in terms of where it originated_ 

with the time of arrival taken into account. 


o There seems to be no basis for real agreement on the fraction down 
for a water shot or from a ground shot. We cannot even say that we can 
agree on whether it is > or < 5Q&* In short, our understanding of the 
physical phenomena of fallout is "frighteningly poor." We must make this 

fact known; it is our obligation to say that we just donU know enough at 
this time. 


The lack of emphasis on the fallout program in past tests has resulted 
in a non-coherent program, in which the collection and understanding of 
fallout data has been relegated to a secondary or minor role. Our position 
will not be improved unless we insist on giving our true opinions about the 
effects of such a program on the state of fallout research. 
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Distribution of Particle Classes 
P. La Riviere 
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APPENDIX B 

OPERATION REDWING RESULTS 
Philip V. Krey 

Chemical Warfare Laboratories 

1. LAND SURFACE SHOTS 

1.1 Fallout Particle Studies 

The fallout from the three land surface hursts at Operation 
Redwing, Shots Lacross, Zuni and Teva, was investigated in seme detail. In 
general the particle size distribution of the total fallout occuring within 
the shot atoll area (at distances up to approximately 15 miles from Ground 
Zero) was similar to the particle size distribution of the coral native to 
the surfaces of the islands. Unfortunately, the exact size distribution of 
the native cor el is not available at this time, but reasonable estimates 
of this distribution indicate that over 75 P«r cent of the total weight of 
the coral is contained in the 210 to 81+0 micronfr&ction. Table 1 summarizes 
the data obtained from all three land surface shots. The UAG 1+0 sample 
collected at ecpproxisoately 50 miles from Ground Zero reflects a displacement 
of the size distribution toward the smaller particle size ranges. This 
behavior is reasonable because the greater terminal velocities of the 
larger particles should deplete their contribution to the total Bize 
distribution as the distance from Ground Zero increases. 
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Total 0 activity/graft of fallout substantiates a xvonrAmifonalty of 
specific activity with fallout collected at different locations from a 
specific event and between different events* 

Ifce reported distributions were obtained by sieving the fallout sample 
and Measuring each sieved fraction. The particle size ranges listed in 
Table 1 represent tbs ranges in the pare openings between subsequent sieves. 
Experience has Indicated that far Irregular type particles such as fallout, 
the size distribution of the particles on any sieve Is usually displaced 
toward the upper Units of the range. Caaplete size distributions within 
each sieved particle size range are being Measured. 


The activity distributions of the fallout presented In Table 1 
Illustrate that about 60 per cent of the total activity In the fallout 
(occurring within the shot atoll frcn all land surface shots) is associated 
with particles greater than fiOO Microns; over 80 per cent of the total 


activity Is associated with particles greater than 100 *1 crons, to general, 
the activity distribution of the fallout with particle size parallels Its 
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«ize distribution excerpt far the 81*0 i* fraction. The 5CHaile sample 
collected an the TAG-40 at Zuni Shot reflect* an activity ahift toward the 


gaaller particle* *imilar to it* particle size distribution ahlft. 

Two fundamental type* of particle* were observed by both 1&NKDL and 
CWL in the fallout frcm all three land surface bursts, namely angular and 
spherical particle*. USTffiDL reported a third type described a* a fragile, 
flaky particle. Since th* CWL'a experimental procedure required sieving 
the fallout, th* flaky particle* could have been broken up and tberby 
escaped detection of the CWL'* samples. 

1.1.1. Angular Particle* 

The a ngular particles which resemble natural coral are composed 
of CaCO^ that has been heated and partially converted to CaO. In the 
presence of moisture and C0 2 in the air, the CaO can reconvert to CaCO^. 
These particles presumably have been contaminated on their surfaces by 
radioactive debris from the atomic cloud. The radioactivity has diffused 
into the particles producing a volume distribution for small particle* and 
a quasi—surface distribution for larger particle* • 


1.1.2 Spheride Particle* 

1.1.2.1 Composition and Formation 

The spherical particles were ccoposed of CaO which had been 
converted in whole or in part to Ca(0H) 2 • Some reconversion to CaCOj had 
occured on the surfaces of the sphere*. These particles were probably 
formed by rapid beating of natural coral to temperature beyond the melting 
point of CaO in the vicinity of the fireball. The particles were not 
vaporized but assumed a spherical geometry in the molten state. The 
molten spheres scavenged activity from the fireball onto their surfaces and r 
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generally distributed this activity throughout their volumes vhlle in 
the fused state. 

1.1.2.2. Frequency 

There vu sene disagreement on the frequencies of the 
spheres in the Teva Shot fallout as determined by USHRDL and the CWL. It 
vaa concluded that this discrepancy probably arose from the experimental 
procedures employed. Hie Navy counted each type of particle in an un¬ 
disturbed sample and calculated the frequencies. The Chemical Corps 
physically separated the spherical particles from all other particles in 
the Teva fallout to characterize the spheres in detail as compared to the 
others. A specific effort Vaa made to minimize the contamination of the 
separated spheres by other types of particles. Consequently, if any doubt 
arose as to whether a particular particle vaa or was not a sphere, it was 
considered a non-sphere. Under these conditions, the lover frequencies of 
the spherical particles in the Teva fallout determined by CWL be 
qualitatively resolved with the higher values reported by KRDL. 

This possible CWL bias is a constant factor in all the Teva samples, 
so that the data can still be used to illustrate another characteristic 
of the spherical particles. The percentage of the total number of spheres 
in the Teva fallout increased from 1.2 to 2.5 to 2.78 to 3.06 per cent in 
the size ranges of 14^-210^, 210-420u, 420-840^, and > 840u respectively. 
The same general trend of increasing frequency of spherical particles with 
increasing particle size vaa observed at Zuni Shot. In the shot atoll Zuni 
fallout the frequency of the spherical particles increased from belov 
2 per cent by number in the 44-74 micron region to about 6 per cent in the 
420-840 micron range. In the Zuni fallout collected at the TAQ-40 station. 
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which was about 50 miles from Ground Zero, the frequency of the spheres 
increases to approximately 15 P*r cent in me micron range. 

Consequently, the data illustrates a variation in the frequency of the 
spherical particles with both particle site and distance from Ground Zero 
It is felt that a more detailed investigation as to whether there is an 


additional variation with shot conditions should also be made 


1.1 .2.3. Rgifttive Radioactivity of 8pherlcal P articles 

On the basis of the CWL measurements, the spherical particles 
were approximately 25 times as radioactive as the other types of particles 
combined in the Zuni fallout. If the Chemical Corps* frequencies are used, 
the spherical particles contributed about 60 per cent of the total activity 
of the solid fallout in the shot atoll and 80 per cent of the total activity 
of the solid fallout at the 50 mile station. At the Tewa Shot, the 
spherical particles were only 10 times as radioactive as the other types 
of fallout particles. On the basis of the frequencies determined by CWL, 
the spherical particles contributed about 25 per cent of the total activity 
of the solid fallout in the shot atoll area. 

1.1.2.4 Relative Radiochemical Composition of Spherical Particles 

The R values in Table 2 illustrate the degree of fractionation 

between the spherical particles and all other types of particles combined. 

The Mo" and N analyses were performed unde r very poor conditions at 
P 

the PPG when the background radiation following the Tewa Shot was so high. 
Perhaps these conditions were responsible for some of the poor precision 
obtained especially in the Mo" analysis. Four aliquots were removed for 
each analysis; in general, three aliquots agreed quite well, but the 
fourth aliquot often exhibited wide variations from the first three. 
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No Justifications were obvious for dropping the fourth aliquot, so they 
were averaged along with the rest. Omission of any aliquot would not 
change the average values very significantly, but it would greatly improve 
the apparent precision. 

The relatively low concentrations of nuclides with rare gaseous 
precursors (i.e., 8r®^ and Ba 1 ^) in the spherical particles offers support 
to the concept of early contamination of the fireball. It is interesting 
to note that 1^^ behaves similarly to fir®^ and Ba^^. 

1.2 Time Sequence of Events 

In the light of these concepts of particle origin, the following 
sequence of events is postulated following a land surface shot. A column 
of water and coral is injected into the rising fireball by the rapidly rising 
column. This early column material is fused to form the spherical fallout 
particles which scavenge radioactivity from the highly concentrated fission 
products and debris at early times. As the fireball rises, expands, and 
incorporates more column material, the temperature decreases such that the 
coral particles aie no longer fused. This later column material becomes the 
angular fallout particles which are initially surface contaminated by later 
debris from the resultant mushroom cloud. 


2. WATER SURFACE SHOTS 

The significant fallout from Flathead Shot consisted of droplets of 
less than a millimeter in diameter and composed of a shiny of salt water, 
salt crystals, CaCO^ particles, and some ferric type particles. In the 
shot atoll following the Flathead event, this material arrived at sampling 
stations at an angle of approximately 30 degrees from the horizontal. 

Spl^T 




Similar fallout was observed following the Navajo Shot, although the 
angle of arrival vas larger and the presence of iron was much lower. These 
results are in satisfactory agreement with U8NRDL. 

3. FTFTHJ5* INVESTIGATIONS SUGGESTED 

Investigations should be conducted to answer the following questions: 

1. Does the frequency of the different types of particles and 
their specific activities (activity per gram) vary with yield, "type of 
burst, and underlying soil? It if does, how will it vary, and how will it 
effect the fallout prediction and counter-measures techniques? 

2. Is there any variation, as the data suggests, in the relative 
frequencies of particle types as a function of altitude in the mushroom cloud? 

3. Is the debris initially deposited on the surface of the 
angular particles liquid, gas, or particulate? 

4. What are the densities of the various types of particles 
since their fall velocities are dependent upon size, shape, and density? 

5. What are the times of arrival, rate of arrival, times of 
peak activity, and times of cessation for each type of particle? 
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A Theory for Close-In Fallout 
A. D. Anderson 

Naval Radiological Defense Laboratory 


A. Introduction 

A theory that takes into account the fallout phenomena from the time 
of detonation to the time the mushroom cloud stops rising has been lacking. 
An attempt is made in this article to derive such a theory in order to find 
the altitude distribution of radioactive particles affecting close-in 
fallout, that is, fallout which is deposited on the ground within a few 
hundred miles of ground zero, and which is down within about 20 hours 
after detonation. The deposition of radioactivity in the immediate vicinity 
of a nuclear burst is dependent largely on the size distribution of active 
fallout in the mushroom cloud. Heretofore, there has been a lack of 
knowledge concerning these size distributions, mainly because of the 
complexity of the phenomena creating them. In this work, the theory 
developed 1 b illustrated by a land—surface burst. 



B. Assumptions Used in Theory 

The theory developed is based upon the two following major assumptions, 
resulting from an analysis of available information concerning nuclear 
detonations: 


1. The trajectories in the atmosphere of the radioactive 
fallout particles result mainly from the effects due to the 
rise of the mushroom cloud, gravity, and horizontal winds only. 


The work reported in this article is covered In more detail in an 
KRDL report of the same title, now in draft form. 
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2. Host of the radioactive fallout is created within relatively 
short times after detonation (within one minute for yields up to 
15 KT); consequently, the fallout process starts while the cloud 
is rising in the lower atmosphere. 

Regarding assumption (l), the following description of a land—surface 
burst is given to aid in understanding it and the theory used. 

After detonation, the fireball forms and starts to move upward rapidly 
within several seconds. Immediately afterward air, carrying surface 
material, rushes into the bottom of the rapidly-expanding fireball, 
resulting in the creation of a mushroost-ehaped cloud with duet-laden 
stem. After the cloud has cooled to below about 2800°C none of the 


particles being taken into the cloud will be vaporited; they will be mixed 
thoroughly throughout the cloud volume by the intense turbulence, together 
with the radioactive fission products. The turbulence gradually subsides 
as the cloud expands and cools. The resulting radioactive particles will 
start to fall out as the cloud ascends, resulting in an altitude distribution 
of particle sizes, which becosies more marked the higher the cloud rises from 
the ground. After about two minutes the dust stem falls behind, and no more 
ground material enters the mushroom. The cloud stops rising by 5—7 minutflB 
after detonation when its temperature becomes approximately equal to the 
ambient temperature. 

When the cloud is being formed, the initial impulse of air into its 
bottom induces a toroidal circulation which persists usually until after 



the cloud has stopped rising. There are severed hypotheses concerning 
the effect of this circulation on the particle 6ize distribution; however, 


there is little evidence to support any of them. In the absence of evidence 


proving a significant effect, the net effect of the circulation on the 





gravitational settling of the gross fallout i6 taken to be negligible. The 
naan displacement of the center of gravity of the particles due to the 
circulation is assumed to be rero. The same remarks apply to turbulence; 
it does not, on the average, increase or decrease the time of fall, but it 
does result in an increase in particle dispersion. Admittedly, this theory 
is idealized; however, it is believed to be the most complete one that can 
be developed based upon present knowledge. The theory is sufficiently 
flexible so that if a significant effect can be demonstrated for the 
toroidal circulation or turbulence, then it can be taken into account. 

Thus, on the average, the rate with respect to the ground with which 
a particle falls out of the cloud is equal to the difference between the 
velocity with which it is carried up by the rising cloud and the velocity 
with which it falls, due to gravity. At any time after burst the velocity 
of a particle with respect to the ground is 


2 - U - V , (1) 

where U is the particle's upward velocity due to the rise of the cloud, 
derived from measurements of the rate of rise of the top and base of the 
cloud, and V is its downward velocity due to gravity. Here 2 is taken to 
be positive when the particle is moving upward, that is, U - V> 0, and 
negative when the particle moves toward the ground, D • V < 0. 


For many of the heavier particles, V >U for short times after burst. 


and these particles will fall out of the cloud before It has stopped rising. 
Heretofore no attempt was made to take into account this important effect. 
Hie particle's altitude above the ground, z, con be found at any time 


t t.y integrating (l). 
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where C is the integration constant. If z is expressed in feet above mean 
sea level and t in seconds and the velocities in feet per second, then C is 
equal to the height of ground zero above mean sea level in feet. 

Regarding assumption (2), it will be discussed by considering first 

a low yield land-surface burst, illustrated by JANGtLE-8urface, 1.2 KT. 

The radioactive fallout material consisted almost solely of glassy particles 

containing radioactive fission products within than^. The elemental 

composition of these active particles was identical to that of the parent 

soil with the exception of carbon and boron, whose compounds are easily 

volatilized compared to compounds of the other elements present. The 

average density of the active particles was almost the same as that of the 

( 2 ) 

parent soil. Evidently, the temperature experienced by the siliceous 
material was above 1700°C for the bulk of the radioactive fallout particles. 
Consequently, the mixing between the molten earth particles and the radio¬ 
active fission products apparently occurred when the internal temperature 
of the fireball va6 above the melting point of the silicates, above 1700°C. 
Since it appears that a very large fraction of the particles in the feillout 
have not been vaporized, the gross size distribution of the fallout (both 
radioactive and inert) in the cloud should be the same as the original 
environmental material. Since the temperature of the fireball drops below 
1700°C at about three seconds after buret for a 20 KT weapon, for 
JAMlttJ^-Burface, a 1.2 KT weapon, it has been concluded, that moat of the 
radioactive fallout wae created and thoroughly mixed throughout the cloud 
by five seconds after detonation. 

In the case of an air buret, there have been many cases in which 
surface material wae carried tip into the rising mushroom. In such cases 
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there has been a negligible amount of radioactive fallout on the ground. 
Though tone of sand and dust were raised by the explosion, they did not 
become contaminated by the fission products. This may be explained 
by the fact that it takes longer for the surface material to be carried up 
into the cloud resulting from an air burst than for a surface burst. By 
the time the material reaches the cloud it has already cooled below 1700°Cj 
consequently, little radioactive fallout is created. 

The time after burst within which most of the fallout was created c*n 
be found on the same basis, for other tests, by analyzing the characteristics 
of the fallout, both active and inert. For example, for the Pacific tests 
examination of the fallout, derived mostly from coral, indicated that most of 
the active fallout was created above 850°C,^^ within one minute after burst. 
Ibis applies to weapons with yields up to about 15 MT. This suggests that 
the temperature below which fallout is created is not very sensitive to 
yield. Hence, it is concluded that the time from burst within which most of 
the active fallout is created is not very sensitive to yield, and that most 
of the active fallout is created within relatively short times after burst 
(within one minute at the latest) for up to 15 MT. 



C. Illustration of Theory 

This new theory of fallout will be illustrated by deriving particle 
size distributions with altitude at selected times after burst. The method 
used is as follows: (l) Time-Atitude curves are derived, with the air of 
a nomograph of the cloud’s rate of rise, for particles of selected sizes 
originating at the top (T-curve), middle (M-curve), and base (&-curve) of 
the mushroom cloud. The curves are started after fallout has been created, 
wid terminated when they reach the ground. (2) These curves are used to 
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find the site distribution of ffellout within selected altitude ranges at 
a later time by locating on them the top, middle, and base altitude points 
of each site at this time. (3) Using these points, curves are drawn for each 
particle site on a graph of "Cumulative per cent below stated altitude vs. 

Altitude." (U) Bie percentages of the total of each site within selected 
altitude ranges are determined from the graph, and these percentages are 
weighted according to the proportions of sites found by weight in the 
preshot soil. (5) Finally, percentage frequency site distributions are 
derived from these percentages far the selected altitude ranges at the 
chosen time. 

The method will be illustrated with data from the 1.2 KT JAN3LB- 
Surface test conducted in Nevada on Nov. 19, 1951* 

1. Derivation of Time-Altitude Curve e 

The integral in equation (2) can be approximated by a finite difference 

equation. Thus, if the time interval from 0 to t is divided up into 

smaller finite intervals, At^, At^, .At^, then 

n 

* - Z - ^jAt. ♦ C « (Utj. - * (ff 2 - V 2 )At 2 + . 

♦ (0 - V )At 4 C . (3) 

' n rr n v * , 


t 



The barred velocities are average velocities for the time intervals 
indicated by the subscripts. 

The average values of rates of rise, in equation (3) were found 
from a nomograph derived from the time-altitude curves of the top, middle, 
and base of the JANQUB-Surface cloud. The nomograph contained fifteen 
curves, each of which gave the average rate of rise for all parts of the 
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> Tie 0-3000 micron size range was iiw h k 

**** *« ^ed because preehot soil size 

distribution data were available for this range. a. Mthcid . 

me method can be extended 

to larger sizes ir desired. * using th. n.thod develops* in this article, 
it was found that all particles greater than 2000 microns in diameter, 
comprising about 28 per cent by weight of the soil particles, fell out and 
reached the ground within four minutes after detonation, within one miio 
of ground zero. Ninety-three per cent of the particles from 0-2000 microns 
were less than 1000 microns in diameter, and 8l per cent lees than 500 microns. 

The terms in equation (5) represent the average downward velocities 
of the particles during the time intervale indicated by the subscripts. 

For the sizes considered the velocities can be taken to be terminal, 
velocities> that is, it is assumed that the drag forces acting on the 
particles are always equal and oppositely directed to the gravitational 

To 
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forces. For instance, the largest particle considered, a 2000 micron 

particle, would reach its terminal velocity within 0.2 seconds after 

starting from rest. The aerodynamic equations were used to find the 

terminal velocities. They were applied for irregular-shaped particles 

since more than 96 per cent of the active fallout for JAWHJfr-eurface 

consisted of irregular-shaped glassy particles. The density of the 

active particles, measured in the 150-500 micron range, averaged 2.66 g ms 
3 (2) 

per cm this value is almost the same as the value used, namely, 

2.60 gas per cm 5 , measured for the test site soil density. The air density 
and viscosity values were derived from the ravin sonde data taken at shot 
tine at 14.25 miles from ground xero. The temperature data used to find 
the density and viscosity are for the atmosphere and not for the cloud; 
however, the cloud cooled very quickly as it rose, due to adiabatic 
expansion and mixing with the surrounding air. Estimates based upon 
cloud temperature measurements and theory indicated that the cloud 
temperature did not differ enough from ambient to affect appreciably the 
computed terminal velocities based on ambient temperatures. For higher 
yields above about 50 KT this temperature effect on the falling rates 
probably will have to be taken into account. An example of one set of 
time-altitude curves derived above is shown in Fig. 1, which presents 
the curves for a 1950-micron diameter particle. 

2 - Procedure to Find Size Distributions 

Die particle site distributions within selected altitude ranges are 
derived for a given time after burst by using the time-altitude curves. 

From these curves, the altitudes below which occur chosen cumulative 


percentages of each particle site are found. The cumulative percentage 

curves for each sire are then plotted on one diagram. For example. Fi« 2 
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altitude ranges, indicated by dashed curvet. Thus, at 500 sccono. aftc-r 
detonation the sizes and size ranges of the particles tend to decrease 

with altitude. 

In Fig. 4 are presented the size distributions within the 4000-5000 msl 
layer at one, 5, and 15 minutes after detonation. Each of these distri¬ 
butions were derived from a separate diagram, similar to Fig. 2, made for 
the respective time. The same effect as occurred with altitude is observed 
with time, namely, the sites and 6ize ranges of the particles tend to 
decrease with time. Fig. 4 can be used to find the approximate site 
distributions arriving at the ground at the indicated times. Distributions 
arriving at other times between 1—15 minutes can be estimated by inter¬ 
polating between the given curves. 

D. Comparison of Theory with Previous Theory 

Most agencies interested in fallout prediction start the gravitational 
settling of the fallout around the time the cloud has ceased rising, about 
5-7 minutes after detonation, instead of within relatively short times 
after detonation, as assumed by the theory presented in this article. Also, 

-most agencies initially assumed that the fallout was distributed uniformly 

by site within the mushroom at the time the cloud had ceased rising. Later, 
this assumption was changed by some of the agencies to one in which the 
sites were distributed with altitude) however the fallout was still assumed 
to start at the time the cloud had reached its maximum altitude. In order 
to compare the new theory with previous theory, the method developed in this 
article has been applied to find the respective else distributions received 
at the ground (within the 1(000-5000 ft msl altitude range) at 10 minutes 
after detonation for the new theory and for a particular previous theory. 
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This particular theory is based upon the assumption that fallout is 
distributed uniformly by size within the mushroom at the time fallout 
starts. Fallout is assumed to start at 5 minutes after detonation, at the 
time the cloud stops rising. Consequently, the new theory assumed gravi¬ 
tational settling becomes significant almost immediately after detonation, 
while the previous theory used assumes that it does not become effective 
until after the cloud has stopped rising. The two resulting distributions 
are shown in Fig. here the solid curve represents the distribution 
derived by the new theory, and the dashed curve is for the previous theory. 
Also, the size range of the"nev theory" particles is smaller. If, at 
the start of fallout, some altitude distribution of sizes had been assumed 
for the previous theory, then the resulting distribution would have been 
found to the left of the dashed curve distribution in Fig. 5* Hence, the 
dashed curve distribution represents an upper size range limit. 

From the time—altitude curves, we can easily construct curves shoving 
the time of arrival and cessation of given size particles at 1*000 ft mg] 

(at about ground level). In Fig. 6, the solid curves are time of arrival 
curves for particles starting initially from the top and bottom of the 
cloud, marked T and B, respectively. For a given size, the B-curve 
represents this size’s time of arrival, and the T—curve represents this 
size's time of cessation. Particles starting initially from the top at 
5 seconds after detonation in the size range from 1200—2000 microns arrive 
within 100 seconds of each other at 1*000 ft msl (between 200-300 seconds 
after detonation), while particles within the same range starting initi ally 
from the bottom arrive within 30 seconds of each other (between 80—110 
seconds after detonation). The dashed curves are derived from the 
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Fig.5—Size distribution received at the ground for new theory 
and previous theory at 10 minutes after detonation 
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Fig. 6—Time of arrival and cessation curves for 
particles received at the ground 
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previous theory mentioned above. Particles of the same sire arrive 
about 500-400 seconds later than particles based on the new theory. 

If the time during which fallout is received at a given location is 
known, then time of arrival and cessation curves can be used to estimate 
the range of particle sires received. It may be possible to estimate the 
sire distribution within this range from sire distributions cal ciliated for 
selected times. Due to the finite size of the cloud, particles of the same 
sire arriving from the same altitude will be spread over an appreciable 
area on the ground. Also, if wind shear is present, the particles arriving 
at the ground will be spread over a larger area. In addition, the various 
sizes arriving at the same time will have different impact areas because 
of their varying trajectories. However, the distribution of sizes as 
measured at given locations on the ground may not differ appreciably from 
that predicted due to the overlapping of the areas. The effect of wind 
shear will not be appreciable at short times after burst since the particle 
trajectories will not differ greatly in altitude. Also, at long times 
after burst it will not be appreciable since the range of particle sizes 
received at the ground will be very restricted, and hence the trajectories 
will not differ greatly. 

The two theories can be compared on the basis of the altitude 
distribution of sizes at a selected time after detonation. Thus, for 500 
seconds after detonation. Fig. 7 shows dashed lines for sizes starting 
at the top and base, respectively, for the new theory, and solid lines 
for the previous theory. Note that the da&ed lines represent a linear 
variaticn of particle size with altitude. According to the new theory, 
there are no particles greater than 1200 microns above the ground at 500 
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Fig. 7— Alti Jude distribution of sizes at 300 seconds after 
detonation for new theory ond previous theory 







seconds after burst, while the previous theory results in particles of 
200 microns at 15,800 ft msl. In Pig. 8, derived from the new theory, 
is presented the maximum altitude reached by a given size for particles 
starting initially at the. top and base, respectively. All particles 
starting from the top in the size range from 1200-2000 microns reach within 
l^X) ft of the same maximum altitude (8200 ft msl)j all particles starting 
from the bottom in the same size range reach within 100 ft of the same 
ntft-vtimim altitude (4900 ft msl). 

Particle size distribution data are lacking for JANULB-Surface, but 
field measurements are available which give the distribution of radioactivity 
on the ground. Therefore, as a further check it is planned to compare the 
intensity contours derived using the two theories with the actual intensity 
contours. 


g. Discussion 

The theory presented is believed applicable for close—in fallout 
(for times up to 20 hours after detonation). One can find the trajectories 
of the fallout particles by using the time-altitude curves together with 
wind and cloud geometry data. Consequently, the theory can be checked 
by measuring the time of arrival, size distribution, and characteristics 
of fallout at given locations. The theory does not give the number of 
particles of different sizes comprising the distributions. This information 
could be assessed indirectly from field intensity data provided that the 
relation between particle size and radioactivity were known. As a result, 
the size distribution in the cloud could be given in terms of absolute 
value8. The total activity distribution in the cloud should be very 
variable, especially for short times after detonation. 
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In order to apply and check this new theory and to learn more about 
the fallout mechanism, the following data Is needed for each test: 

a. Preshot soil size distribution and composition. 

b. Time-altitude data for top and bottom of the cloud. 

c. The number, appearance, size, shape, and composition of 
active particles arriving at selected locations within 
known time intervals. 

d. Relation between size and activity of particles. 

e. Ra win sonde data extending from ground up to the maxi mum 
height of the cloud. 

f. Fireball and cloud temperature data from detonation until 
cloud has cooled to ambient. 


F. Conclusions 

A new theory is presented which takes into account the fallout 
phenomena from the time of detonation to the time the mushroom cloud stops 
rising. The theory, is based on the assumptions that most of the active 
fallout is created at relatively short times after detonation and that the 
main effect moving the fallout is due to the rise of cloud, gravity, and 
horizontal winds; it is believed applicable for close-in fallout (up to 
20 hours after detonation) resulting from all nuclear yields. Hie theory 
has been illustrated for a low yield land-surface burst — the resulting 
size distributions should be more marked for higher yields, since the 
size, altitude, and time interval range should be greater. Also, the 
maximum altitude and time of arrival and cessation on the ground were 
derived fcr given particle sizes. The trajectories of these particles can 
be found by using wind and cloud geometry data. ^ 
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APPENDIX D 

Bzrpirical Determination of Fallout Cloud Model Parameters 

James W. Hendricks 

Cloud model parameters are quantitative representations of the cloud 
shape, the cloud composition and the cloud activity. For example, the 
cloud shape can "be described by the height of the cloud and cloud diameter 
at specified altitudes; the cloud composition may be described in terms of 
particle size distributions at specified points within the cloud, and 
measures of activity can be provided throughout the cloud. These parameters 
usually refer to the cloud a very short time after the shot time and this 
reference time is an important parameter. A complete set of cloud parameters 

constitute a cloud model. Customarily, a cloud model is employed to predict 
a distribution of activity on the ground at one or more intervals throughout 
and after the fallout period. The validity of a cloud model is usually tested 
by the comparison of predicted activity contours with measured activity 
contours. Discrepancies are eliminated by the modification of doubtful or 
u nkn own cloud parameters. In the past, ignorance of most cloud parameters 
ha6 left us free to vary any or all of them in order to eliminate errors 
in prediction.. 

The approach described here is to determine cloud parameters exclusively 
by the analysis of collected fallout. The procedure consists of retracing 
the paths of individual particles from the location and time of collection 
to their positions in the cloud at one or more reference times. 

At various sampling stations particles have been collected with the 
KRDL incremental fallout collector. The particles are being maasured acri. 
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raw data is available in the form of particle size distributions varying 
with t ime at each sampling location. The data is put on IBM cards and the 
indivi dual particle trajectories in reverse are calculated with the digital 
computer at the Naval Po6t Graduate School at Monterey. For each particle 
size, for each time interval of collection, at each station, a unique point 
in the cloud is determined. For each point so determined, the concentration of 
particles in the cloud is computed from the concentration s measured at the 
collecting station. For a sufficiently large number of unique measurements 
on the ground, all cloud parameters associated with particle deposition may 
be determined for any specified reference time. 

Note that cloud shape and cloud composition parameters are determined 
independently of individual particle activity, activity distributions on the 
ground, and cloud model activity parameters. This illustrates the principal 
advantage of this approach to the determination of cloud model parameters. 

It is possible to discriminate between influences of the individual para¬ 
meters. For example, there is no danger of modifying the cloud height to 
compensate for an erroneous vertical distribution of activity. Mr. LaRiviere / 
whose paper has been presented, and Mr. Harry Chan of NRBL are studying the 
relationship between particle size and activity and it is hoped that their 
data may be employed in the independent determination of the cloud model 
activity parameters. The validity of these determinations may then be tested 
by the comparison of activity contours, computed from the cloud model, with 
measured activity contours on the ground. The cloud shape and composition 
parameters have been derived exclusively from incremental collector data 


and their validity may be tested independently by the comparison of computed 
mass contours with measured mass contours determined from total collectors. 


n /j 
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We know very little about the manner in which particles rise to their 
positions within the cloud* Mr. A. Anderson of HRDL is conducting a theore¬ 
tical investigation of the subject. At present, it is assumed that particles 
are falling at terminal velocity at all times and at no time is their movement 
influenced by the detonation. Referring to the figure, the altitude of a 
particle is plotted against time. The dotted curve indicates actual altitude 
of the particle from shot time to Time T y The particle rises under the 
influence of the detonation, reaching its maximum height at Time T 2 , and by 
Time T^ all components of its vertical motion due to the detonation have 
vanished. The solid curve indicates the change in altitude of a hypothe¬ 
tical particle with the same time of arrival T q . If the cloud parameters 
determined actually describe a cloud at 6ome reference time, after which an 
particles are no longer influenced by the detonation, then no error is 
involved in the description. There i6 no way of knowing, of course, when 
all particles are no longer influenced by the detonation. If time T^ is 
chosen as a reference time and the path of the particle described by the 
diagram is retraced, the altitude of the particle at reference time will be 
given as when in fact the altitude was Between and Tj horizontal 
displacement of the particle will be computed employing incorrect wild data. 

At present there is no way to eliminate this error. However, since 
the model parameters have been determined by retracing particle trajec¬ 
tories, no discrepancies need exist no matter what reference time is 
chosen. In fact, a hypothetical shot time cloud, which of course did not 
exist, can provide a perfectly^alid cloud model. This hypothetical cloud 
is higher than the actual cloud and may be slightly asymmetrical due to the 
errors in horizontal displacement. The significance of these errors is 
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minimized by the fact that the cloud rise—time of the true cloud is 
relatively small. 

In the current analysis of REDWING data, terminal velocities are 
calculated employing the equations for the regions of streamline, inter¬ 
mediate, and turbulent flov as given by J. M Dal la Valle. At first, 
great difficulty was encountered in the application of these equations. 

The difficulty i6 inherent in the use of these equations to compute 
terminal velocity of irregular particles. There are many vays in which a 
measure of size for irregular particles may be defined. The measured 
particle size must be distinguished from the effective particle size, and 
in fact, the measured particle density must be distinguished from the 
effective density. For simplicity, consider an irregular particle which 
falls in the region of streamline flow at all altitudes. The equation for 
ter min al velocity in the region of streamline flov is 



Here V g ■ particle terminal velocity 
a » particle density 
d m particle diameter 
p ■ density of the air 
P m viscosity of the air 
K m an empirically evaluated constant. 

Suppose that the particle, at a given altitude, falls at terminal velocity 
V 0 and that density and viscosity of the air at that altitude are respectively 
p and p. Thus, for all cases in which the equation yields the correct 
terminal velocity, a given particle "diameter" defines a unique particle 
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yields the correct terminal velocity may be termed a valid effective size 
and effective density combination. The measured size is effectively 
specified by the apparatus and procedures employed. The apparatus and 
procedures employed are presumably chosen for the convenience of the 
investigator. There is no necessary relationship between the measured size 
and the measured density. The physical significance of a measured density 
may be questioned for very rough or porous particles. Ve must conclude that, 
for irregular particles, the measured size and the measured density alone 
are insufficient for the determination of a valid effective size— dan slty 
combination. The determination of a valid effective size-density combination 
appropriate to a measured size-density combination mu st be independently 
determined if measured size-density data is to be useful. In fact, the 
measurements obtained are of value only as a classification label until 


such time as they are related to a valid effective size-density combination. 

Errors introduced by using the wrong effective size and density for a 
given measured size and density are cumulative with altitude so that at high 
altitudes obvious errors occur. Clouds thousands of miles in diameter are 
obtained. Consideration of obvious errors in the calculation of particle 
trajectories and an analysis of the variation in particle size distribution 
with time of arrival make it possible to relate measured size density to 
effective size density by a tedious process of elimination. The measured 


size employed is obtained by photographing the particle, as collected on an 


incremental collector tray, enlarging the photographs ten times, and 
determining the diameter of the largest circle which can be inscribed in the 
area representing the particle. 

If the measured size of 110 microns is employed a6 the effective size^ 
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it was found. In the analysis of Tewa fallout, that an effective density 
of l.h is required. If a measured density of 2.36 is employed as the 
effective density for particles in the measured size classification of 110 
microns, it was found that the corresponding effective size must be 90 
microns. Observe that for a density of 2.36, which is a reasonable value 
for the measured density, the inscribed circle method of measuring 
actually yields a measured 6ize too large to be employed as the effective 
size. 

In general, the relationships between the effective parameters and 
their corresponding measured parameters must be defined with reference to 
the procedures and apparatus employed in measurement end with reference 
to the calculation system employed. In this case, the calculation system 
is the set of terminal velocity equations as applied in each of the 
specified flow regions. These equations were developed for spheres and 
numerous experiments have been performed which testify to their applica¬ 
bility in this case. Thus for spheres, ve must expect that the effective 
diameter is the measured diameter and the effective density is the 
measured density. 

In this analysis time variation of upper wind data is considered. Space 
variation and vertical components of wind velocity are not. The work of 
E. A. Schuert of NRDL indicates the possibility of error in this simplifi¬ 
cation and it may be necessary to tale these into account in the future. 

Qhe analysis of Tewa incremental collector data is in progress, and 
will be reported on completion. 
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APPHOIX E 

Employment of Time and Space Variable Winds, 

Including Vertical Motions, on the Analysis of Particle Trajectories 


E. A. Schuert 


There is still some question as to the northerly extent of fallout 
deposition after shot Bravo at Operation CASTLE. It was the first megaton 
device detonated wherein a smattering of knowledge was obtained at distances 
greater than fifty miles. The application of time and space variation of 
the winds in analyzing the forecast fallout was first attempted after this 
detonation in the hope of defining the pattern. Unfortunately, the 
meteorological data were poor and this, combined with a lack of measured 
data on the distribution of fallout, leaves the question unsettled to date. 

We know at this t ime that both time variation and space variation of 
the winds can be significant, and there has been added by some the less- 
understood complication of vertical motions. I wish to present the results 
of my analysis on the shot Zuni Winds at Operation REDWING, wherein all 
three of these par ame ters were considered. I found at the test site that 
the definition of the perimeter of the fallout pattern and the axis of the 
"hot line" were excellently forecast by making several assumptions about the 
distribution of activity in the cloud and employing only corrections for 
t ime variation of the winds. This was the case for three shots out of the 
four documented, nam ely Tewa, Flathead, and Navajo. The assumptions made 
were that (l) the majority of the activity was located in the lover l/3 
of the mushroom and consequently the height lines from this layer would 
define the hot line, (2) the optical diameter of the mushroom defined the 
radiological cloud, and (5) the contribution of fallout from the lower 
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2/3 of the stem could be ignored. A complete description of the model 
parameters used can be found in the HKDL report now under publication 
titled, "A Fallout Forecasting Technique with Results Obtained at the 


Eniwetok Proving Ground." 

However, for shot Zuni the forecast fallout,based on time variation 
only, deviated from the measured pattern by approximately 30 degrees in 
Azimuth, and, in fact, left two of our sampling ships high and dry, so to 
speak. It is the analysis of this shot that I wish to discuss at this time. 

I plotted the height lines from 60,000 ft. These were constructed by 
computing the trajectories from this originating altitude of four particles: 
75,' 100, 200, and 350p in diameter. An altitude of 60,000 ft was chosen, 
for our scaling curves indicated this altitude to lie in the base of the 
mushroom and, consequently, the resulting height line would define the 
radiological axis of the pattern. For matters of comparison, the following 
plots were made: (2) use of shot-time Bikini winds only, (b) use of shot^time 
Bikini winds including time variation, (c) use of time and space variation 
and (d) use of time and space variation including vertical motions. 

Although the meteorological data available were far from ideal they 
certainly were much better than we had at Operation CASTLE. These data 
were available for use: 

Constant-level Isogon—Isovel analyses of the wind field for 10,000 ft, 
16,000 ft, 25,000 ft, 30,000 ft, U0,000 ft, 50,000 ft and 80,000 ft at 
S-3 hr8, H+9 hrs, H+21 hrs and H+33 hrs. In other words, 12-hour 
continuity in five- to ten—thousand—foot altitude increments, all 
analyzed from a sparsely populated station network. These data 
were obtained from the Task Force Weather Central: 





Vertical motion analyses as computed by the weather network under 
the direction of COR Dan Rex for 2,000 ft, 10,000 ft, 20,000 ft, 

50,000 ft, 1*0,000 ft and 50,000 ft at H—3 hrs, H+3 hrs, H+9 
H+15 hrs, H+21 hrs and H+27 hrs or 6 hour continuity in 10,000 ft 
altitude increments. 

As well, the measured winds aloft at 3 hr intervals were available 
for the Bikini area. 

I do not care to defind or criticize any of these data at thia time, 

I simply say this is what was available to me, and the trajectory computation 
were made on the assumption of their validity. 

The plotted trajectories were then computed based on the average wind 
in 5,000 ft layers using 3 hour continuity. Data points were obtained 
from the source material by using linear interpolation in time and space. 

The two exceptions to this were (one) rather than interpolate for winds 
above 50,000 ft from the constant altitude charts, the measured Bikini 
winds were used, and (two) since no vertical motion confutations were made 
above 50,000 ft, the values were assumed constant from 50,000 ft to 60,000 ft. 

The job was a tedious one and became quite slow when the addition of 
vertical motions were included in the analysis, for they too vary in 6pace 
and tim e. Corrections for vertical motions were included in the analysis 
by correcting the computed falling speed of the particle in question in 
each layer. Such corrections were significant in magnitude for shot Zuni, 
being as great as 50 per cent in some cases for the 75h particle at the 
higher altitudes. 

Figures 1 through 3 show the field results obtained for the three shots 
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where agreement was considered satisfactory. Figure 4 is the result of 



Comparison of predicted and observed fallout pattern for shot Tewo 





Comparison of predicted and observed fallout pattern for shot Flathead 





pattern for shot Navajo 
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the various forecasts employing different meteorological parameters on the 
shot Zuni analysis, and deserves some discussion. As you can see, the 
employment of time variation alone helps little in improving the fallout 
forecast. However, inclusion of time and space variation resulted in most 
satisfying results. When vertical motions were considered, the forecast 
became s ome what less agreeable with that measured. Their use did change 
the time of arrival by approximately 15 per cent; however, this has not been 
checked against measured data, should the opportunity exist. 

Unfortunately, from this analysis nothing can be said about the possible 
inclusion of vertical motions in such analyses; until we know more about 
their existence or non-existence, and check computed values with measured, 

I am tempted, on the basis of this analysis to suggest they be ignored in 
any fallout forecasting technique used at this time. 
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Studies of the Weather Bureau Research Station 
P. W. Allen 
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The Weather Bureau Research Station was established in June 1956, for 
the purpose of improving the forecasting of weather phenomena, particularly 
winds, at the Nevada Test Site. The studies cover both the small-scale, 
low-level phenomena and the upper level feature. The latter are of par¬ 
ticular interest to those of us in the fallout business, and include 
studies of the variability of the wind, relating variability to other, 
somewhat more easily predictable quantities such as wave position and 
speed. The variation with both time and space is being considered. Local 
peculiarities are being studied and attempts are being made to arrive at 
useful objective forecasting techniques. 

The most promising work to date in forecast improvement has been 
through the use of charts representing the mean motion of relatively thick 
(10,000 feet or more) layers of the atmosphere. The average 6-hour change 
of direction in the layer between 15,000 feet and 25,000 feet for 46 cases 
in February and March 1957 was 11.4 degrees, while the corresponding average 
change in the 500 mb (near the 18,000-foot level) point wind was 15*4 de¬ 
grees, or 21% larger. This mean layer wind is obtained by letting the ris¬ 
ing pilot balloon or rawinsonde balloon integrate the air motion as it 
rises in the same way, only in reverse direction, that a particle of debris 
is influenced by the wind as it falls. The direction and speed of the wind 
in the layer are obtained from the vector Joining the horizontally projected 
positions of the balloon at time of entering and time of leaving the 
layer. 
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The analysis of mean layer winds Is being done using isogons (lines 
of constant direction) and isotachs (lines of constant speed). Fore¬ 
casting is accomplished using conventional techniques plus the extrapolation 
of the isogons and isotachs. Obviously, since the variation of direction 
is so much less for the mean layer wind than for the point wind, the 
forecast mean layer wind should come nearer verifying correctly. To test 
this, two forecasters daily predicted mean layer winds for the 15,000- to 


25 , 000 -foot layer and two other forecasters predicted the 500 mb point 
wind for four stations: Ely, Las Vegas, Yucca Flat and Tonopah. Station 
operations prevented preparation of 6-hour 500 mb wind forecasts, but 
comparison of the systems is possible for 12-hour periods. The following 
table gives the average error in direction only, for the two procedures, 
including the error from use of persistence as a forecast for the same 
cases. Only >6 forecasts are reported. 

6 hours 12 hours 2k hours 


Av. 500 mb Forecast Error 
Av. 500 mb Persistence Error 
Av. 15-25M Forecast Error 7 C 

Av. 15—25M Persistence Error 12 


26 ° 

11 ° 

16 ° 


>8° 


This test is being run under ideal conditions so far as time is 
available to the forecaster. The reported errors are only for February 
and do not cover a very wide range of conditions. Because of the small 
sample, we have used only arithmetic averages. The test is still running 
and prior to the next MTS operation, it is planned to have the results in 
more refined form, covering a wide range of situations, with some indication 
of forecast reliability relative to position of the verification station in 
the wave pattern. Verification of wind speed is also better under the 
mean layer wind system, but the results are not so noteworthy as the 
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direction results. 

This system should he even more valuable during the summer, when speed 
variation is diminished and small-scale direction variation is a maximum. 

The Research Station has not tested it on a summer situation yet but 

intends to do so as soon as possible. 

Other projects under way at VERS Include tests of numerical progs as 
issued by JHVP, Suitland, Mi., for predicting spot winds, and studies of 
local winds including drainage currents, channeling and upslope effects. 
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APPBMJIX G 

HBtf UPPER WIND MEASUREMENT TECHNIQUES 
A. D- Anderson 


There are two developments In instrumentation for measuring tipper 
■winds that are of interest for fallout prediction. 

First, is the Transosonde System,in which wind data is derived by 
tracking transmitters on constant-pressure-surface balloons. Hie feasi¬ 
bility of this system has been completely demonstrated, and the Navy will 
soon start operational flights across the Pacific, and later will follow 
flights across the Atlantic. The Transosonde system as presently employed 
consists cf a 39—foot plastic balloon, a gondola containing transmitter, 
power supply ballast, and control devices — totaling in weight about 


600-700 lbs. 


Tracking is done by means of a network of high-frequency direction 
finder stations, most of which are in the U-S. The trajectory of the balloon 
is derived directly from the tracking data, and from this is given the wind 
velocities along the path of the balloon. The present system was developed 
to map out the large scale features of atmospheric flow at high altitudes; 
however, a requirement does exist for detailed knowledge of wind field 
variation between the sounding stations comprising the network U6ed at the 
Pacific Proving Ground and Nevada Test Site. Hie present system can be 
reduced in scale and the concept readily applied by using instrumentation 
consisting of a gmalI plastic balloon, a radiosonde, GMD—1A for tracking, 
and a simple ballast system. The plastic balloon is partially inflated on * 
the ground with the proper amount of gas so that it acquiree its full 
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volume at the predetermined altitude. Even without a ballast system the 
balloon would level off and continue on approximately level flight for 
Borne time; however, by using a simple ballast system flight can be made 
for many hours in duration. H. Mastenbrook and the author made several 
flights of 3-4 hours duration by using freon in a container which allowed 
simple evaporation to take place at a rate controlled by the size of the 
opening. The GMD-1A gives elevation angle and azimuth angle data every 

' six seconds; the height of the balloon is determined from the transmitted 
pressure data. ThiB information allows wind data to be readily derived 
from the constructed trajectory. Small-scale variations in flow may be 
determined, fine features that could be determined by no presently 
available equipment. In addition, errors in velocity determination due to 
the errors in tracking can be minimized by treating the wind velocity 
data statisti cally . Thus, if the data for one minute were used, 5 
independent wind vectors could be extracted. The longer the period of 
averaging used, the greater the accuracy of the derived wind vector. 

Such a system can be employed not only to give the details of the flow 
between regular stations of the rawinsonde network, but it can be used 


also to give shot prediction. 

Thus, if balloons were regularly released before shot time and followed 

at one or more levels, the actual space and time variation in the wind field 

tjiVir>£ place could very readily be determined in a quite accurate manner. 

Another new development is the use of window (chaff) ejected from 

( 2 ) 

rockets and tracked by radar to measure high altitude winds.' Due to the 
error in measuring pressure the present rawinsonde system is not considered 
operational above about 60,000 ft. Even if the pressure measurement were 
rorfoct, however, -the line— of—eight tracking employed limits most f li g h ts 
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to below 80,000 ft. In winter, when the data is most needed, flights are 
limited to below 40,000 ft in strong wind conditions. It is apparent that 
if high altitude winds are desired above 100,000 ft, rockets will have to 
be used to carry the target to be tracked. The system mentioned above was 
proposed by the writer in response to a requirement from the Commander/JTF-7 
in 1954 for a reliable method of measuring winds up to 150,000 ft in the 
Pacific Proving Ground area. He feasibility of the proposed system was 
demonstrated by tests made at the Naval Research Laboratory, and later tests 
by ONE have successfully tracked window at altitudes above 160,000 ft. 


One disadvantage to the use of window is that it results in wind data for 
a limi ted altitude range only due to its dispersion. The writer has 
suggested using non-dispersing targets such as metallized cloth to get 
continuous wind soundings down to the ground. The ideal target would be a 
sphere, since it would give the same echo return regardless of its orientation 
It is proposed that a metallized balloon be used. Silvered balloons 5—ft 
in diameter have been tracked by radar at ranges up to over 400,000 ft. 
Recently the NACA announced an assembly which suits the requirements. The 
NACA has developed sub—satellites which will be ejected with the primary 
earth satellite. These 20—inch diameter metallized plastic spheres will be 
automatically inflated by the cartridges they enwrap. He total weight of 
this assembly is less than one pound. He balloon could be inflated with a 
lifting gas to control its rate of descent. 

The use of such a system as the proposed rocket-radar-^window system 
would be invaluable for determining when to fire the weapon at the Proving 
Ground. During the last Redwing tests the system using window was used to 
give spot checks on the forecasted winds. He system uses small, rela¬ 
tively inexpensive, and easily handled rockets, and readily available radar 
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to get winds in an automatic manner. Wind data can be secured from any- 
desired altitude up to above 200,000 ft within a few minutes at the most. 
Hie system thus gives data not available using any other system, op erec¬ 
tional or research, and it is believed that it meets al 1 the requirements 
imposed for wind velocity measurement in the test operations. Actually, 
using the proper combination of rocket—target and tracking, it is 
considered feasible to measure winds at any altitude in the atmosphere 
where meaningful air circulation exists. 
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APPENDIX H 

Surface Fallout Measurements 
T. Trlffett 

Foreword 

Such measurements divide into two broad classes, those made on cloud 
surfaces and those made on water surfaces. In the latter case the 
measurement situation is complicated by the settling and dissolving of the 
fallout material. A concerted effort is being made, using the comprehensive 
set of data obtained at Operation REDWING, to assess the errors inherent 
in both classes of measurements quantitatively. Thus far the sources of 
error have been isolated and defined; these are described below. 

In general the errors which enter into water surface measurements are 
more numerous and larger than those which enter into land surface measure¬ 
ments, and additional definitive measurements are required for this case. 
Consequently, contours constructed from PP4 events may be in serious error 
in those regions determined by aerial and oceanographic survey only. After 
the REDWING data has been reduced and correlated, such that land equivalent 
fallout in such regions may be computed from several different collection 
and measurement methods, it should be possible to arrive at numerical 
estimations of the error involved. 
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1. Introduction 

Since our senses cannot perceive the radiations associated, with nuclear 
fallout, and may not be able to distinguish its deposition from some natural 
phenomenon, ve are particularly dependent on the measurements ve make. So 
far ve have been able to plan these measurements in advance for any actual 
event, pre-position our instruments, and analyze the results later. These 
are the kinds of measurements which will be discussed in this paper ) they 
provide the information required for prediction. 

It should be recognized, however, that other measurements may be 
required for the assessment of a real situation. In many cases it will 
not be possible for us to place our instruments in advance, since both the 
type and location of the detonation will be unknown before the fact. Either 
from the point of view of an outside observer, who would like to know what 
measurements to make and where to make them in order to define and charac¬ 
terize the affected area as quickly as possible, or from the point of view 
of an inside observer, who would like to be able to predict the nature and 
extent of the total radiological event from hie limited observations, 
conditions are quite different from the experimental situation. From this 
it may be seen that the ultimate objective of measurements made under 
experimental conditions is not only to define fallout processes for 
prediction purposes, but also to determine the measurements which should 
be made in any real situation. 

Adequate definition of fallout processes for any set of experimental 
conditions depends on obtaining sufficient data for the evaluation of models, 
the construction of mass, fraction of device and radiation contours, and 
characterization of the material. The specific measurements required for 
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each of these will be discussed below; but it is interesting to observe at 
this point that, in general, the first requires time-dependent fallout 
measurements, the second,total fallout measurements, and the last labor¬ 
atory analyses of samples* When deposition occurs on a solid surface 
such as an extended land mass, measurements made following cessation 
represent the total fallout which arrived; if deposition occurs on a 
water surface, however, this is not the case. Additional measurements must 
then be made to determine how much material has settled below the range of 
surface observations. Specific measurements for this purpose will also 
be discussed below. 


2. Land Surface Measurements 

a. Fallout model evaluation 

Appropriate models are required for both prediction and assessment 
purposes; and since, the time of arrival, rate of arrival and cessation of 
fallout, as well as the distribution of particle sizes with time, at any 
specific location in the affected area constitutes the basic information 
which a«y be derived from the application of a model, it is necessary to 
make careful measurements of these quantities in order that proposed models 
may be evaluated. 

(1) Time of arrival 

Time of fallout arrival at a given location, like t ime of 
cessation, requires definition. Ordinarily it is defined as that 
time at which the measured activity level of deposited material 
or the observed ionization rate reaches some predetermined value 
above normal background. It is most effectively measured by an 
incremental collector, that is,by a sampling instrument which 
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collects deposited material over known time intervals for subse¬ 
quent activity measurementsjbut it may also be determined from 
the record of any instrument which continuously measures ionization 
rate, such as the gamma time-intensity recorder. It is also 
possible to devise various combinations of radiation—sensitive 
triggering units and time-measuring devices far this purpose. 

Time of arrival is capable of being measured with more precision 
than most of the other required quantities, the principal 
sources of error being only improper definition and iffi trument 
malfunction. 

(2) Rate of arrival 

Rate of fallout arrival may also be measured by means of an 
incremental collector or with an instrument which records ionizar- 
tion rate as a function of time. The former is preferable, 
however, since the collected samples may be weighted and the 
rate of mass deposition determined, while the latter gives only 
the overall buildup of the radiation field. The activity of each 
incremental collector sample must be measured; and although there 
are many ways that this can be accomplished, one convenient method 
is to monitor the entire tray in a constant geometry arrangement. 
Either an instru men t which measured ionization rate directly 
or a scintillant^-photomultiplier system which yields a count 
rate may be used, provided they have been quantitatively related 
in advance; both kinds of information - roentgens per hour and 
disintegrations per minute — will ultimately be needed. The 
principal sources of error for this measurement, if made by an ^ 



COPIED/DOE 

IANLRC 



72 



Instrument such as a gammar-time-intensity recorder, are its 
possible contamination and non-uniform response with respect to 
energy and direction* Collection bias, that is, the failure 
of the tray to collect a representative sample, may on the 
other hand introduce serious error in the incremental sampling 
method — as may faulty counter calibration. In either case, 
since it is primarily absolute values which are affected, rate 
measurements are reasonably reliable. 

(3) Time of cessation 

Time of fallout cessation must also be defined to be 
meaningful. Theoretically, when ionization rate is being 
observed, cessation occurs at the point on the curve where pure 
decay begins and, when the activity of deposited material is 
being measured, with the tray on which no activity above back¬ 
ground is observed. Actually, however, both of these criteria 
are complicated by the fact that light secondary fallout often 
continues to arrive for some time after primary fallout has 
ceased. As before, although an incremental sample collector 
may be used to determine cessation, it is necessary to specify 
some cut-off activity level. If a gamma-time—intensity record 
is used, the exact location of the point of cessation will 
nearly always remain uncertain. 

lypical plots of gamma-time-intensity recorder and inere— 
mental collector data are presented in Figuresl and 2. 


The figures referenced in this paper were not available at the time of 
publication. Uiey may be obtained by contacting the author directly. 
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Examination of these figures will illustrate the preceding points 
a.nri show how time of arrival, rate of arrival and time of 
cessation values may he obtained. 

(4) Particle sire distribution as a function of time 

The time rate of arrival of fallout particles of different 
sizes may also be determined from samples collected incrementally. 
To do so, however, requires that the number of particles in each 
size group in each sample be counted. No instrument capable of 
doing this adequately exists at the present time, and even though 
several current developments show promise, it i6 still necessary 
to use time-consuming manual methods. One such method which was 
developed recently features the counting of particles on a photo¬ 
graphic print of each tray enlarged ten times; past methods have 
utilized microscopic examination of small areas of the trays. One 
central question which must he decided before any counting 
procedure can be applied is what physical parameter to use as a 
measure of size. If the particle is being observed essentially 
in two dimensions and diameter is selected instead of projected 
area, the question of hov the diameter of an irregular particle 
should be measured 6till remains. The diameter of the largest 
inscribed circle, the diameter of the smallest circumscribed 
circle, and the average diameter of the jErticle al 1 lead to 
different terminal velocities; it has even been suggested, for 
this reason, that terminal velocity might itself be the best 
measure of size. Accordingly, the principal sources of error 
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bias introduced into the sample by non-uniform collection 
efficiency, are observational in nature. Both of these tend 
to discr im inate against the cmal 1 sizes and it is likely, 
therefore, that most reported distributions are seriously 
in error in this range. 

Figure 5 illustrates one way in which particle counting 
results may be presented. 

b. Construction of mass and fraction of device per unit area contours 
One of the ultimate goals of fallout research is to predict the 
atmospheric partition of nuclear debris and inert materials in or der that 
material balances may be computed. Since it is very difficult to measure 
the fraction of material which remains suspended beyond the primary fallout 
period, it is of particular importance to make measurements of the local 
fallout which will permit contours of the mass of material and fraction 
of device deposited per unit area to be constructed. In addition to thi6, 
such information is of fundamental importance for the application of 
countermeasures and decontamination procedures. 

Accurate total collections of the material deposited at a number of 
known points during the primary fallout period, which may subsequently be 
weighed and analyzed radio chemically or chemically for the fraction of the 
device they contain, will suffice for this purpose. It is important, 
however, that the sampling area of each collector be large enough to obtain 
a representative sample and that enough collectors be used to enable local 
variability to be estimated and contours to be constructed in some detail. 
Every effort must be made to avoid sample bias resulting from the 
collection of extraneous material or the loss of collected fallout 







material. One instrument vhich has been vised to make collections of this 
kind utilizes a collecting tray about 2 ft square vith a polyethylene liner 
to facilitate sample removal and a hexcel insert to prevent material from 
bloving out. The tray is housed in a separate unit vhose top cover may 
be opened Just before the arrival of fallout and closed shortly after it 


ceases. 


Collected samples are removed in the laboratory; their mass is deter¬ 
mined gravimetrically and they are usually analyzed for some specific 
radionuclide such as Molybdenum-99 to determine the total number of fissions 
or fraction of the device present. The principal sources of error, vith 
regard to mass, are sample bias and failure to recover part of the sample 
from the collecting tray; these also introduce error into fraction of device 
determinations but, in addition, radionuclide fractionation may seriously 
affect results. Significant errors probably exist in such measurements 
due both to collection bias and fractionation effects, and efforts are 
currently being made to arrive at quantitative assessments of these errors. 

It is also to be noted that the total number of points from vhich 
data of this kind are obtained is nearly always small compared vith the 
extent of the contaminated region. This means that contours must be 
grossly simplified, and it is likely that much significant detail i6 
omitted in the process. Localized hot spots containing a significant 
fraction of the device may, for example, remain undetected. 

Typical mass per unit area contours constructed from such information 
are shown in Figure k. 

c. Construction of ionization rate contours 


Ionization rate measured a short distance above the surface in a 
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fallout area provides a direct measure of the gamma radiation which 
produces biological damage; it is essential, therefore, that ionization 
rate contours be constructed for the analysis of fallout events. Providing 
the decay rate is known, it is only necessary to measure the ionization 
rate accurately once at a given location on a land surface; any past 
ionization rate up to the time of fallout cessation, or any future 
ionization rate if the fallout material remains undisturbed, may then be 
computed. Accordingly, from ionization rate readings made under similar 
geometry at a number of different times and locations in the fallout area, 
and a series of geometrically identical readings made over a long enough 
interval at the same location to permit a decay curve to be plotted, 
ionization rate contours at any desired time, such as one or twelve hours 
after detonation, may be constructed for the area. 


In practice, readings are made not only with instruments which measure 
ionization, such as certain survey meters, but also with instruments which 
count gacana—ray interactss, such as 0-M tube and crystal counters. Such 
instruments are used, for example, in aerial surveys and for measuring the 
activities of total fallout samples. In each case, however, the instrument 
must be calibrated in terms of ionization rate; that is, the way in which 
its counting rate varies in radiation fields of known ionization rate must 
be determined; and unless caution is exercised, considerable error may be 
introduced during the calibration procedure. Care nnast also be taken to 
determine the energy and directional response of any instrument which is 


used, and both the energy spectrum of the radiation and the geometry of 
the measurement must be known before final ionization rate values may be 
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It le evident that appreciable error may also be introduced into the 
construction of contours by the application of an erroneous decay rate, 
or by the application of a uniform decay rate if, as a result of radio¬ 
nuclide fractionation, the actual decay rate varies over the fall out area. 

For this reason not one but many decay measurements are ordinarily made, 
both at different locations in the field and on samples collected at 
different locations. If, as current studies indicate, the decay rate 
actually does vary with location for certain types of events, it will 
ultimately be necessary to express this variation quantitatively before 
accurate contours can be constructed. 

It 6hould also be noted that it is useful to record the total dose at 
a point where an ionization rate measurement is to be made by means of 
an appropriate dosimeter, for the difference between this value and the 
integral of the area under the decay curve will give the dose acc umula ted 
prior to the cessation of fallout. Such information is essential if 
contours of total dose to a given time are to be constructed. Complete 
ionization rate records, such as those provided by a gacma-time-intensity 
recorder, are preferable, of course^ but it is usually not practical to 
install instrumentation of this kind on a large scale. 

A set of ionization rate contours for a particular event and a time 
of one hour after detonation are given in Figure 5 . It will be observed 
that in this case, too, the limited number of observation points has 
necessitated gross simplifications with a consequent loss of detail. 

Figure 6 shows a typical decay curve. 

d. Characterization of fallout material 
Knowledge of certain physical, chemical and radiochemical characteristics 
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of the material 'which is deposited as fallout is essential to the applicar— 
tion of countermeasures and decontamination procedures, as well as for 
evaluation of the ingestion hazard. In addition, for the reasons given 
above, it is important to determine the energy spectrum of the gamna 
radiation associated with the material. Actual samples are required for 
each of these purposes, and it is customary to use some of those obtained 
from the incremental and total collectors described earlier. 

Conventional chemical analyses are performed to determine the gross 
quantities of such elements as iron, aluminum, calcium and magn esium 
which are present in the sample, and microchemical techniques are often 
utilized to determine the composition of single particles and droplets. 
Physical studies, including density determinations, size measurements and 
observations of structure, are also performed on individual particles using 
a variety of laboratory methods. 

The gamma spectrum of a fallout sample is usually measured on an 
instrument utilizing a crystal detector and containing a pulse-height 
analyzer. In the single-channel type of gamma spectrometer the pulses from 
the scintillation crystal-photomultiplier system are fed into the pulse- 
height analyzer after suitable amplification. The base line is swept 6lovly 
across the pulse spectrum and the output fed simultaneously into a count-rate 
meter. The result is a record of count rate, or gamma intensity, versus 
analyzer base line position, or gamma energy. The geometry of the detection 
system is of critical importance; unless a crystal of adequate size is used, 
much gamma photon energy will be lost by Compton scattering out of the 
crystal, and photon backscattering from shielding elements may produce 
additional error. Back-scattering must be minimized, therefore, and gross 
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or the calculation of mean gamma energy is attempted. It is alBO necessary 
that a number of successive spectra taken on the same sample be examined 
before final conclusions are drawn, since the energy spectrum changes with 


time. 

A gross gfljnmA spectrum measured on a multi-channel spectrometer is 
presented, together with its calibration curve, in Figure 7* 


5. Water Surface Measurements 

Although the same information is required for model evaluation, contour 
construction, and material characterization regardless of whether fallout 
is deposited on a land or water surface, the measurement situation is 
complicated in the latter case by the settling and dissolving of the 
material. On a pre—positioned simulated infinite plane, such as a ship, 
essentially the same measurements may be made as on a land mass; except 
for an additional deposition bias due to the distortion of airflow around 
the ship itself, the two conditions are comparable. Indeed, some sort of 
fixed platform must be used to collect total mass and fraction of device 
samples, as well as to measure the rate of arrival and obtain samples for 
characterization studies. If, however, an isolated ionization rate measure¬ 
ment is made a short distance above the surface at some time after the 


cessation of f all out, this cannot in itself be used in the construction of 
ionization rate contours. It is necessary first to determine what thi6 
reading would have been had a solid surface existed at the point. 

This requires both that the total fallout which was deposited at the 
point be computed, and that the response of the instrument to the radiation 
from the fallout remaining suspended in a thin surface layer be calibrated. 


To accomplish the former it is necessary to know the distribution of the 
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fallout activity over its total depth of penetration. This activity profile 
may be integrated to yield the total activity deposited* or, if it can be 
established that the activity is uniformly distributed, then it is only 
necessary to know the depth of penetration at the point and the activity 
at a single depth. If the time of fallout arrival is known, and it can be 
established that the rate of penetration is constant, the depth of pene¬ 
tration can be computed; and with a calibrated instrument the required 
activity reading can be derived from a reading taken above the surface, 
perhaps by aerial survey. 

In practice activity profiles are usually measured with probes 
containing G-M tube, scintillant or ionization detection units which are 
lowered into the water to the total depth of penetration. It is evident 
that if, as is probably the case for solid particulate, a portion of the 
fallout has penetrated below the maximum depth of observation at the time 
the profile is taken, the integrated activity will be in error. Such probes 
must also be calibrated for the four-pi water condition and additional 
error is often introduced in this way. Instrument contamination is another 
effect to be reckoned with, as is the marked irregularity of the measured 
profiles; because of these factors it i6 even difficult at times to 
deter min e the depth of penetration with any degree of accuracy. 

The errors inherent in this procedure are probably snail compared with 
those which enter into the aerial survey method, however. Material lost to 
greater depths, non-uniform penetration and erroneous arrival times all 
may lead to serious error in computing the total fallout. Additionally, 
certain radionuclides appear to go into solution much more rapidly than 


others, meaning that the energy spectrum of the radiation may be quite 

** _ _ 





unrepresentative in and above a th in surface layer* ThuSj apart from 
possible fractionation with position due to the changing distribution of 
particle sizes, radionuclide fractionation with depth may also have to be 
considered. Under such conditions accurate instrument calibration becomes 
extremely difficult, with the result that significant errors from this 
source may also be introduced into final activity values. 

4. Summary 

Hie attempt has been made in the preceding sections to indicate the 
principal sources of error in experimental fallout measurements. Unfort¬ 
unately the magnitude of most of these errors cannot be estimated at the 
present time. As a result of the data accumulated at Operation REDWING, 
however, it appears that it may be possible to do so in the near future. 
Once this has been accomplished we will be in a position to estimate the 
reliability of measurements which have been made in the past and, con¬ 
sequently, to predict or assess the nature of any future radiological 
event with greater accuracy. In the meantime, the importance of inquiring 
into any given set of experimental data for the inherent measurement errors 
it may contain cannot be over-estimated. 
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APPENDIX J 

THE RELATIONSHIP OF TIME OF PEAK ACTIVITY FROM FALLOUT TO TIME OF ARRIVAL 

P. D. La Riviere 
USNRDL-TR-i (in publication) 


Data was presented indicating that time of peak intensity due to 
fallout was related to time of arrival by the simple equation t — 2t & . 
for the ranges t 0.012 - 12.4 hr 

SL 

yield range - 15,000 

scaled depth (—)2.2 to 5*1 

Preliminary time of cessation (t c ) data indicate the empirical 
0 7 

equation t c - 5t & (t a ^ 12 has times in hours after shot) holds for 
Redwing shots. 


i 


as* 




/Of 




APPENDIX K 

Fraction of Weapon Debris in Local Fallout 
L. Werner 


The prepared paper covering fraction of weapon debris in local fallout 
presented the following: 

It was first pointed out that at least three applications of fraction— 
of-device values suggest themselves: (l) As a check on gamma dose contours, 
(2) as a fallout theory parameter, and (3) As a means of estimating the 
contribution to long-range fallout. In no case have fraction-of-device 
measurements been designated as primary objectives of field test programs; 
they have been performed as an incidental aspect of field data analysis. 

Fraction of device may be defined on the bad. s of total material, both 
beta activity, total g a mma activity, selected indicator elements, etc. These 
definitions become identical only if no fractionation among elements occurs. 
Such fractionation does occur, but insufficient data has existed to date 
for any assumption but one of no fractionation to be nade. 

Three approaches have been utilized for measurement and computation: 

(1) Sampling of the fallout field and analysis of weapon debris. 

(2) Measurement of gamma dose rates in the fallout field. 

(3) A combination of (l) and (2). 

Each method was discussed in terms of data needed and sources of possible 
error. In connection with the dose rate method, the relationships between 


roentgens per hour and radioactivity per unit area of the source was 
discussed. It was emphsized that no single constant exists expressing 
this relationships, but that one must be computed for the specific 
conditions of each shot considered. Thus the value in Effects of Atomic 


Weapons is an approximation only to one a«»t at conditions 
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and surface density. / 

The exact method of computation was presented, and the results of a 
number of computation for various shots were shown. For shot6 of various 
type8 the fractions generally lay in the range 0.l6 to 1. 

It was emphasised that no basis for estimating accuracy exists, 
although precision may be calculated. 

If such measurements are to be made in the future the following three- 
point approach was recommended: 

1. Refinement and development of fallout models and measurement of 
atomic cloud characteristics and properties. 

2. Extensive direct sampling or collections of fallout at a 
sufficient number of locations to provide statistical 
sampling of the fallout field. 

J. Comprehensive surveys of fallout fields to an extent sufficient 
to characterize the fallout field within pre—selected confidence 
limits. 
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APPEND!! L 

Analysis of Jangle and Castle Data 
C. F. Miller 

Some results of an analysis of fallout data from Operations Jangle 
and Castle were discussed. The intent of the paper was to show correlations 
between particle trajectory analyses and certain aspects of the fallout 
patterns such as the H hot line," outer peak activity, and general direction 
of the contour lines. A graphical method for determining location and di¬ 
rection of the contours was required before such correlations and correla¬ 
tions to mass and fraction of device could be made. Parameters pertinent 
to radiological countermeasure systems were enumerated. 
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Certain studies of project 2.65, Redwing, indicate that the penetration 
behavior of some portion of the fallout material may be predicted with the 
aid of some simple parameters. For water shots, the tentative conclusion is 
that the parameters describe the penetration of all the fallout material. 

For land shots, the tentative conclusion iB that the parameters describe 
the behavior of an amount which is significantly less than the total; further¬ 
more, this deficit can be expected to vary from point to point. It is 
therefore concluded that the estimation of land-equivalent fallout from 
oceanic measurements is more feasible for water shots than it is for land 
shots. Ihis conclusion is based on the additional, and unproven, 
assumption that the penetration parameters do not vary from point to point, 
or that if they do, they can be successfully estimated. 
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Project 2.65 Water Survey 
Sanford Baum, USNRDL 
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APPENDIX N 

Gas Analysis Data from Redwing and Its Inter¬ 
pretation with Reference to the Fallout Problem 

K. Street 

As you recall, samples of gaseous debris as well as particulates were 

collected on a number of the Redwing events. The experimental arrangement 

consisted of a probe designed to sample isokinetically extending from the 

front of the sampling aircraft. This stream was filtered through IPC 

filter paper to remove the particulates, then went through a compressor 

and the gaseous fraction was stored in a pressure vessel. The filter paper 

99 

was dissolved and analyzed for ifcr . The gaseous fraction was separated 

88 88 

and amnng other things the Kr was determined. Kr (2.7 hour) having only 
short-lived precursors should represent pretty well the behavior of gases 
in the cloud. Mo^ on the other hand probably represents fairly well the 
"gross activity" of the particulate debris (i.e., some things fall out to 
a greater extent and some to a lesser extent). At any rate, it is a useful 
reference isotope with which the fractionation of other species can be 
compared. 

Tne data of Morayer, Goishi, and da Roza axe shown in Figs. 1—3. The 

88 

ordinate is the ratio of fissions in the sample as determined by Kr to 

99 

fissions as determined by Mo . Thus in a cloud in which there has been 

no separation of gases and particulates, this ratio would be one. The 

abscissa is the sampling altitude in thousands of feet. Samples belonging 

to the same event are connected by lines and named by an abbreviation- 

Ap for Apache, Mo for Mohawk, etc. - Numbers beside a point and not enclosed 

90 

in parenthesis are the Sr R—factors as measured on the large radiochemistry 
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filter papers from the same aircraft. The R-factors for the IASL allots 
were supplied by George Cowan. Numbers in parenthesis are sampling times 
in minutes after shot time. The fission ratios are probably accurate to 
— 50 per cent. 

If one assumes, as is likely, that the action of gravity is the main 
mechanism for the separation of particulate fission products from gaseous 
fission products, then these data can be interpreted to give some indication 
cf the'Amount of fallout" for some of the Redwing events. In this inter- 

DO 

pretation, the gas (Kr ) is assumed to represent the starting position of 
the fission products. If there were no action of gravity (all very fine 
particles), the ratio f^/f^ should be one at all points. If there is any 
fallout (some, though possibly a small percent of larger particles), then 
one could find low (even zero) values of the ratio f^/f^ in low parts of 
the cloud or under shear layers. This indicates that there has been some 
fall of particulates but it is not quantitative. This if the percent of 
material falling out is small, the bulk of the cloud could Btill give ratios 
near one. On the other hand, if one finds a very high value for f Kr/ f Mo' 
it indicates that this region of space is very depleted in particulates 
and that a large fraction of them must have "fallen out." By "fallen out" 
here I think we mean that they have fallen a few thousand feet (one or 
two) at least in a few hours (sampling times are typically 1 to 4 hours 
after shot time), and therefore would reach the ground in a day or two. 

Thus at PPG, this material would end up in the Pacific Ocean, but a fair 
fraction (~l/5 ) might not be included in a "local fev-hundred-mile type 
ground survey." 
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depleted in Mo 10 to 2 ^, which would indicate "fallout" to the 

extent of 90 to 95 per cent. Barge shots show no highly depleted regions 
f 

( -**£^ 1.7 in all cases). Of these, Huron is probably the most significant 
no 

since it was small enough to sample fairly adequately. It should be quite 

comparable to Mohawk. For the larger yield shotB, the sanpling altitudes 

are all quite low in the cloud. The only high altitude sample on Cherokee 

gave a ratio of one as would be expected for very little fallout* 

The Sr '* 5 is high relative to Mo^ (R-fhctors are high-1.5 to 2.0 

where they should be 0.6 to 0*7 for the bomb) by factors of 2 or 3 in the 

material "remaining up" after extensive fallout (see Mo and Zu). Thus, 

while 90 to 95 per cent of the Mo^ (end gross activity) may fall out on a 

90 

ground surface shot, 10 to 30 per cent of the Sr^ may "remain up" and become 

90 

part of the world—wide circulation. Though Sr is not brought down as 
99 

effectively as Mo , this is not an Insignificant scavenging action in itself . 

Fallout gamma surveys indicate that about 20 to 30 per cent of a typical 
barge shot falls out within a few hundred miles. Only particles larger than 
75 ni can fall within this distance, and there may be another 50 per cent 
as much activity on 25 to 75 u particles that would fall out within a few 
thousand miles. Thus 30 to kO per cent of the activity from a typical 
barge shot may "fall out" in the Pacific. This is consirtent with the 
"depletion of particulates" we find in prohe samples on barge shcts. Sr ** 5 
does not appear to fractionate as severely on a barge shot as on ground 
surface shots, but if anything it is also "richer" in the material that 
stays up. Thus a large barge shot may put 60 to 80 per cent of its Sr 50 


into the world—wide circulation. The aerial gamma surveys should be 
considerably better for barge shots them for ground shots, since the 
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radioactive particleB from barge shots are very smal l and are brought 
down by being incorporated in large salt water slurries. These will 
dissolve in the ocean and will leave the activity above the thermocline. 

On the other land, some coral particles from a ground shot will sink before 
a survey can be made, leading to low estimates of the fraction "fallen 
out" if this effect i6 not corrected for. 

Tewa was part water, part ground shot. It fractionated like a land 
shot, but we found no "particle-depleted" regions in the probe sampling. 

I think this is mo6t likely due to the low sampling altitudes relative 
to the cloud size. 

To summarize, I think there is an indication that the land shots are 

90 

considerably more effective in scavenging Sr (by a factor of from 2 to 8) 

go 

than barge shots, and that most of the world—wide Sr 6hould therefore 
have come from the large yield airdrops and barge shots. It should be 
emphasized that this is a lot of interpretation on very little data, and 
that there are a lot of loop holes in both the data and the interpretation. 
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Accuracy of Fallout Predictions 
V. Shelton 
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This discussion will concern the validity of fallout predictions as 
they have been made for test Operations TEAPOT and REDWING and are proposed 
for PLUMB BOB, together with an estimate of the quality of the model and 
the scaling ideas incorporated into predictions. 

Fallout Fraction 

The fraction of the fission activity which is expected to fall out 
within the first 24 hours after detonation is currently predicted according 
to the method of UCRL 4660, which related fallout quantity to yield, sur¬ 
face conditions, surface overpressures, and tower and device masses. This 
method predicts the amounts of fallout to be expected from detonations at 
various burst heights, with and without towers. The fallout fractions as 
calculated are usually within 20 percent of the measured values, for the 
20 or 25 Nevada shots for which reasonably good data are available. It 
predicts fallout of about 75 percent of the bomb for surface bursts on land 
or water of any yield. Whether or not this number is correct for megaton 
weapons on barges or on land cannot be readily determined at this time be¬ 
cause of the nebulous character of fallout measurements over ocean area, 
but 75 percent is felt tc be a safe estimate for most shots, in the sense 
that the measured values usually indicate the correct value to be less than 
75 percent, at least for barge shots. 

Activity Distribution, Cloud 

All of the fallout-pattern data from Operations TUMBLER-SNAPPER, 

* 

BUSTER-JANGLE, UPSHOT-KNOTHOLE, TEAPOT and CASTLE have been used to 
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develop a model of fallout quantity versus fall rate to the ground as a 
function of position in the cloud at 5-10 minutes after zero time—the 
so-called stabilized cloud status. The fall rates are assigned particle 
sizes, according to aerodynamic theory, for convenience, but it is fall 
time which is important to prediction; one does not know how to calculate 
fall rate, given particle size, for the particles of peculiar shape and 
variable densities which really exist in the cloud. 

The same model is used for shots of all yields, detonated aloft or 
on the surface on land or water. It must not be true that particle sizes 
and distributions are the same for land and water shots, but existing data 
is not good enough to indicate the magnitude or character of the difference 
between land and barge shot fallout patterns. One would expect air bursts 
and water shots to produce smaller particles and more elongated fallout 
patterns than land shots. Air bursts in Nevada do create a fallout pattern 
whose shape and intensity distribution differ markedly from that for tower 
or land shots, and an effort will be made before and during PLUMB BOB to 
develop and use a cloud model for this class of detonation. 

Prediction Accuracy 

Predictions of fallout for the tests have dealt with the ganma intensity 
at three feet above the surface at the time of fall, the time of arrival, 
and the decay of this gamma intensity during the period of significant ra¬ 
diation intensities. No attempt has been made to predict the beta or alpha 

Intensities or to estimate the density on the ground of any particular iso- 
90 

tope, such as Sr 7 . The extent to which accuracies are known is dependent 
upon the extent and quality of the measured data, and will be discussed 
relative to various burst conditions. 



S c uT/c m 



f 




REST 


D DATA 



S-62 

5-7-57 

127 


1. Tower Bursts, Nevada 

When meteorology and yield are both known as precisely as possible, 
that is, after the event, gamma intensities as calculated agree with the 
best measured values within a factor of two or better for most shots. 
Predictions seem to be mo6t accurate in the region from about 20 miles 
to 150 miles from ground zero. Close-in intensities do not compare 
quite as well, and measurements beyond 150 miles are too skimpy to pro¬ 
vide a meaiingful comparison. 

Normal variations in yield from the expected value can impose an error 
of up to another factor of two, which adds to the before-detonation 
uncertainties. 

Variations of winds from the predicted values usually shift the main 
axis of the fallout pattern without much distortion of the shape of the 
isodose contours, so that one expects the extent of a given radiation 
contour to be fairly independent of usual 6-hour wind shifts, even 
though the bearing of the axis of the contour may rotate 20° from the 
predicted direction. If yield is as expected, then we usually predict 
the intensity at any point in the pattern to better than a factor of 
two, and the bearing of the hot line to within 20° or less. This means, 
with the narrow patterns usually found in Nevada, that a prediction of 
dose at any particular point on the ground can be off by a factor of 10 
or more. 

2. Surface Bursts. Nevada 

Forecasting for low-yield surface bursts in Nevada has been done by 
simple wind scaling from JANGLE Surface Shot. Full scale calculations 
with the complete model yield about the same results, and agree with 
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the well-measured portion of the pattern by & factor of two or better 
on dose. 

3 . Air Bursts. Nevada 

Particle size distributions and pattern shapes are considerably different 
for air-bursts. Predictions for air bursts have not been made in the 
past because such shots do not seem to put down significant quantities 
of activity, but an effort will be made in PLUMB BOB to make quantita¬ 
tive calculations for fallout from the balloon shots, with a new cloud 
model based on past continental air bursts. 

4. Surface Bursts. Pacific 

Fallout intensity predictions for large-yield detonations in the Pacific 
are based on precisely the same model which is used in Nevada, simply 
because the experimental data are not extensive enough to provide a 
real basis for changing this model. All that can be said about ac¬ 
curacies is that the model predicts CASTLE Bravo intensities at Rongelap 
and Bikar which are of the correct magnitude when time-space adjusted 
winds are used, and does as well for REDWING Tewa and Flathead. REDWING 
measurements have not been thoroughly compared with calculations at 
this time. 


Model Accuracy 

The correctness of a model can be estimated only by comparison of cal¬ 


culated with observed fallout patterns after weather, cloud height, and 


yield uncertainties have been removed as far as is possible. The model 
should be based upon all shots far which data is available, rather than on 
a single event such as CASTLE Bravo, for which dozens of quite different 


models can be used which will match the observed data 
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APPENDIX Q 

The Close-in Fallout Fraction for Nevada Bursts 
K. Nagler 


Of interest in model construction and scaling is the fraction of the 
total gamma activity of fission products which falls in the important 
fallout region and some idea of the uncertainties in computing this fraction. 
The accompanying table gives an idea of the uncertainty in estimates of the 
fraction of the total activity which comes down as close-in fallout for a 
selection of Nevada bursts. The percentages were all estimated using the 
relationship from the Effects of Atomic Weapons that a dose rate at 
monitoring level of 1200 R/hr would result at H + 1 if the fission products 
from 1 kiloton of fission yield were distributed over 1 square mile. 

The Weather Bureau est ima tes of the probable percent of the total 
activity which fell in the first 200 miles are given in column 3. Since, 
however, the amount falling within a specific distance from the burst 
site is dependent on the wind speed, the probable percentages have also been 
estimated out to the farthest distance that debris of a particular fall rate 
("F", in Weather Bureau nomenclature) landed, as estimated from fallout 
plots. The "F" fall rate is 30,000 feet (i.e., from 35,000 feet MSL to 
5,000 feet MSL) in 6 hours. Thi6 distance for each of the bursts for which 
this integration was made is given in column 9* 

In order to estimate the variability in making the estimate for 
columns 3 and 7, Mr. Telegadas estimated in each case the lowest and 
highest amounts which could reasonably be assumed from the monitoring data. 
For example, along arcs near which several monitoring runs were made, it 
is possible to estimate the integrated activity at that distance on the 
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basis of the higher readings, the lower readings, or what one considered 
the most probable selection of readings. Also, there is subjectivity in 
interpolation and extrapolation in regions of no measurements. Columns 2 
and 4, and columns 6 and 8 show the possible extremes that might arise 
from such uncertainties# 

In column 5, the data are from RAND Report R-265 and were calculated 
from Col. N. M. Lulejian’s analyses of fallout patterns—based, in part, 
on aircraft measurements not given much weight in the Weather Bureau 
analyses. In colunn 10, the estimates of the fraction down are those 
prepared by Dr. A. V. Shelton of U.C.R.L.; using a different method of 
integration may lead to an even greater uncertainty in the estimation 
of the fraction of the total activity which falls close to the burst 


site. 

Of the most probable amount of activity occurring within 200 miles 
of the burst site, an attempt was made to determine what fraction came 
from the altitudes of the stem of the nuclear cloud. Estimates were made 
for five bursts in which the wind was such as to spread out the fallout 
plot so that stem and mushroom head material could be separated. The 
resulting percentages are given in column 13; the assumed cloud and stem 
heights are given in columns 11 and 12. It should be pointed out that 
there are large errors in estimating the stem fraction, so that the 
numbers in column 13 might well be subject to a large error. Another fact 
to be noted is that moBt of the stem fraction settles rather close to the 
burst site, apparently from very large particles. 

It is, of course, possible that scane other mechanism than the settling 
of individ ual particles accounts in part for the appearance of that radio- 
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activity in stem areas of the fallout plot. Nevertheless, unless fallout 
computations are to be made in some radical manner, it seems necessary 
to attribute some activity to the stem altitudes of the nuclear cloud. 

The 3 per cent estimate mentioned as possible for large weapons does not 
seem reasonable for Nevada type bursts. It might be noted, however, that 
from the 3rd CASTLE shot - a ground burst several times the yield of the 
Nevada detonations - there appeared to be a considerably s ma ller fraction 
of stem debris than in Nevada tower bursts. Thus, there may be an 
indication that clouds from large-yield weapons have smaller fractions of 
stem activity and/or that the environment of the Pacific Proving Ground 
in somehow less conducive to stem debris. 
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Probably the best parameter to use ae a standard agreement is a spe¬ 
cific contour extent and width as a function of radial extent. Dose rates 
at any one spot on the ground'are sometimes very sensitive to minor wind 
variations and, therefore, are not always a reliable indicator of model 

accuracy. 

Whether or not any particular model is good enough depends entirely 
upon the use to which it is to be put. As far as test operations are con¬ 
cerned, if one can be sure of predicting the real dose at a given radial 
distance from ground zero within a factor of two and the width of any par¬ 
ticular contour within a factor of two, at distances up to 200 miles, the 
operational problems can be handled reasonably well. Meteorological un¬ 
certainties will normally create larger pre-shot errors than the above, even 
in test operations, and will almost certainly be one of the major unknowns 
in any tactical situation, along with yield and height of burst. 
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